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Abstract 
Stellenbosch University was approached to assist with developing a techno-financial model 
for an urban freshwater aquaculture system in Philippi, Cape Town.  Rapidly growing urban 
areas are predominantly becoming concentrated zones for malnutrition and poverty which 
require attention. Having enough food to eat does not mean that a family is food secure, the 
problem is usually associated with the lack of access to nutritious food. Fish is seen as an 
extremely healthy food which has the potential to effectively support food security and 
alleviate malnutrition.  
 
Aquaculture is identified as a largely underdeveloped sector in South Africa. It is currently 
undergoing rapid transition, being promoted by government as an industry that has potential 
to develop and create jobs, provide food security and grow the South African economy.  
 
Aquaponics- a method to integrate aquaculture with growing crops in a symbiotic system is a 
highly resource efficient closed-integrated food producing technology which has the potential 
to benefit from South African biosecurity regulations and climate-geographic characteristics. 
It is viewed as an effective food production alternative to deal with the challenges of declining 
high quality freshwater resources and available arable land. 
 
Training and capacity building is important for the development of aquaponic technology. 
This study explores and identifies the advantages aquaponic technology development would 
have in South Africa. The study has reviewed and assessed the fundamental principles for 
aquaculture production and management required for aquaponic systems development and 
management. A practical case study identifies the daily challenges and design parameters of 
aquaponic systems. The study is concluded with a techno-financial project proposal which 
shows how aquaponic systems can be planned 
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Opsomming 
Universiteit Stellenbosch was genader om ‗n tegno-finansiele model to ontwikkel vir ‗n 
stedelike akwakultuur plaas in Philippi, Kaapstad. The tempo waarteen die stedelike areas 
groei ontwikkel kommerwekkende uitdagings soos wanvoeding en armoede.  
 
In hierdie studie is vis geindentifiseer as ‗n uiters voedsame aanvulling in die dieet van Suid 
Afrikaners. Akwakultuur is grootliks agter in terme van ontwikkeling. Dit word beskou as ‗n 
sektor wat groot potensiaal inhou vir Suid Afrika se eknomiese groei, werkskepping en 
voedselsekuriteit.  
 
Akwaponika is die hersirkulerende integrasie van akwakultuur en hidroponika. Akwaponika 
hou groot voordele in terme van Suid Afrika se biosekuriteit regulasies and geografiese 
eienskappe en is ‗n effektiewe manier om gebruikte akwakultuur te suiwer. 
 
Opleiding en beplanning word gesien as ‗n fundamentele benadering tot suskesvolle 
akwaponika ontwikkeling. Hierdie studie bestudeer die Suid Afrikaanse omgewing en 
potensiaal vir akwaponika ontwikkeling. Die fundamentele beginsels van akwakultuur en 
hidroponika bestuur en produksie is saamgesit wat beskou word as die aanbevele manier om 
akwaponika te bestuur. ‗n Praktiese gevallestudie toon die daaglikse uitdagings aan en gee 
raad oor daaglikse bestuur van akwaponika stelsels. Die studie word afgesluit met ‗n tegno-
finansiele model wat wys hoe om ‗n akwaponika sisteem te beplan.
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Chapter 1 -Introduction 
1.1   Introduction 
The University of Stellenbosch‘s Aquaculture Division (here after referred to as the University) 
was tasked to assist a group of African female urban farmers in Philippi, Cape Town to develop 
an urban aquaculture
1
  farm, and set up a basic business plan to access funding from the 
Department of Trade and Industry. 
The site is situated on the northern edge of Philippi and Mitchells Plain, which is largely known 
as the  Cape Flats  (City of Cape Town, 2013a), which make up a low income area with 
widespread poverty and food insecurity (Battersby, 2011). Land in the Cape Flats and 
surrounding townships are fiercely contested for due to the shortage of houses and quality living 
standards in the informal settlements in the Cape Flats (Essop, 2014; Knoetze, 2014; Sesant, 
2014). The existing urban agricultural areas in Cape Town such as the Philippi Horticultural 
Area (PHA) are constantly threatened by the desperate need for housing and industrial space 
(Haysom & Battersby-Lennard, 2012).  
Malnutrition rates in South Africa‘s urban areas are increasing- Raising the question as to why 
this is a problem when South Africa is a food secure nation with a well-developed agriculture 
sector (McLachlan & Thorne, 2009). South Africa‘s aquaculture industry however remains 
largely underdeveloped in both regional and international terms (Rana, 2011; Department of 
Agriculture Forestry & Fisheries, 2013; Salie, 2014). A lot of energy and development surrounds 
aquaculture, freshwater aquaculture development is currently the fastest growing food producing 
sector in the world with Africa showing the fastest production growth (FAO, 2014). 
The underdeveloped aquaculture industry poses a great growth potential to contribute towards 
the society of South Africa. Not only will it create jobs and add to the Gross Domestic Product 
(GDP), but it also poses the ability to deliver affordable high quality food (Anyila, Rana, Salie, 
2005; Department of Trade and Industry, 2007). 
Fish is an extremely nutritious food source having a unique nutritional composition containing 
many minerals and most vitamins we require for healthy bodily function and active lifestyle, fish 
also contains high levels of quality protein which contains well balanced amino acids (Murray & 
Burt, 2001; Cheung, Lam, Sarmiento, Kearney,Watson,Zeller, Pauly, 2010) . The fatty acid 
profile of fish contains significantly more omega-3 fatty acids in comparison to other white and 
                                                 
1
 The cultivation of aquatic organisms 
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red meats (Williams, 2007). In recent years concerns are growing to determine the quality of fish 
in regards to heavy metal pollution (Ling, Wu, Yang, and Hsu, 2013). Fish contamination has 
been linked to areas that are highly industrialized around the globe.  Strict measures have to be in 
place to regulate, country of origin and methods of farming to deliver safe, quality fish. The best 
way is to develop a safe and regulated local aquaculture industry. 
One of the major challenges facing the South African freshwater aquaculture industry is to gain 
clarity on the regulation of invasive species management. It was therefore partly the reason that 
commercial aquaculture development had such a slow growth as fish farmers were prohibited 
from using a wider variety of faster growing commercial fish species (Department of Trade and 
Industry, 2007). 
October 1, 2014 Government promulgated an  updated  National Environmental Management: 
Biodiversity Act (NEMBA) 10 of 2004, which stated that a select invasive fish species would be 
permitted but regulated through permits and management guidelines (Department of Agriculture 
Forestry & Fisheries, 2013; Department of Environmental Affairs, 2014). This updated list 
allows for aquaculture farmers to use faster growing fish species such as the Nile Tilapia which 
are popular and well-researched across the world (El-Sayed, 2006; Rana, 2011; Salie, 2014) .  
The regulation of invasive species calls for control through prevention as the most effective 
method  to address environmental threats (Leung, Finoff,Shogen, Lewis, Lamberti, 2002). 
Cleaner and safer methods such as closed recirculation systems that pose a reduced risk to 
biosecurity and environmental harm are encouraged by government though the NEMBA 
(Hinrichsen, 2007).  
The quote of Despommier (2009) on page xiv calls for an investigation of an alternative 
approach towards agriculture, arguing that the need for an alternative approach is driven by the 
future challenges, namely: 
 Population growth pressures; 
 Contested land/less arable land resources; and 
 The supply of freshwater resources being used as agricultural irrigation. 
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He calls for new agricultural approaches such as hydroponic
2
 and aeroponic
3
 technologies, which 
pose advantages in water use efficiency and control. It can be argued that aquaponics
4
 could 
have been added to this argument, as aquaponics is the integration of aquaculture and 
hydroponics. 
Aquaponics is an integrated aquaculture method which produces large quantities of fish and 
plants with relatively small volumes of water in a recirculating symbiotic environment (Rakocy, 
Masser & Losordo, 2006). The symbiotic nature of aquaponics efficiently recycles waste water 
end products of aquaculture and uses this nutrient-rich water to diversify production by growing 
plants which in turn cleans the water for reuse for aquaculture. Worldwide many aquaculture 
farmers are reverting to alternative methods to fish farming like integrated aquaculture as a 
method to efficiently utilize natural resources and to diversify production of healthy food 
(Mathias, Charles & Baotong, 1998).  
Many subsidized and government sponsored food producing projects have failed to operate 
sustainably due to several complex reasons. One of the main reasons are due to a lack of capacity 
and planning,  (Stoltz, 2010; Yeld, 2013; George, 2014). For this reason research and 
development, and capacity-building in the field of recirculating aquaculture is seen as critical to 
improve understanding of it and avoid challenges that restrict the sectors‘ development.  
The University acquired a recirculating aquaculture system (RAS) (hereby referred to as 
Welgevallens‘s Aquaponic Facility or WAF) which is based on aquaponic technology. The 
University decided to utilize Welgevallen‘s Aquaponics Facility as a case study to develop a 
project proposal for the Ntinga Multipurpose Co-operative. The project proposal is compiled by 
information and experience gathered at Welgevallen Experimental Farm. All major challenges 
identified at the Welgevallen Aquaponics Facility and in the relevant literature were addressed 
through the design of the project proposal. 
The aim of this study is to gain a better understanding of the management and operation of an 
aquaponics system and identify challenges associated with integrated aquaculture in terms of 
design, inefficiency and daily management. Academic and industry-related literature was used to 
complement the practical project related technical research.  The project-related research and 
                                                 
2
 Greek term for ‗cultivation in water‘, was developed by Professor William Frederick Gericke in the early 1900‘s 
and have since changed the face of farming (Kempen, 2012). 
3
 A plant-cultivation technique in which the roots hang suspended in the air while nutrient solution is delivered to 
them in the form of a fine mist. 
4
 The integration of recirculating aquaculture and hydroponic plant production. 
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literature review are combined to inform an integrated aquaculture project proposal for Ntinga 
Multipurpose Co-operative.  
This study took the form of a project proposal, which was intended to act as a guideline for 
development. The proposal hopes to result in a funding, knowledge generating and operational 
mechanism for integrated aquaculture farming for the Ntinga Multipurpose Co-operative.  
While this project proposal focuses on the Ntinga Multipurpose Co-operative, the study is not 
restricted to a specific site. The information gathered builds South African-specific knowledge 
specific to integrating aquaculture with crop production, informed by a detailed scientific and 
technical trail. The information generated has the potential to benefit aquaculture, integrated 
aquaculture, hydroponic and aquaponic farmers. 
The research and development of closed aquaponic systems can be thus considered a sustainable 
alternative approach towards addressing issues discussed above as it addresses social, 
environmental and economic issues and challenges of development. 
1.2   Background 
The Ntinga group gained a five year land lease agreement in Philippi from the City of Cape 
Town. The Ntinga Multipurpose Co-operative wishes to use the land for small scale agriculture 
purposes with an interest in incorporating aquaculture into their farming approach. The Ntinga 
Multipurpose Co-operative aims to access financial support in order to develop the model further 
and will use the multi-purpose farming model with a financial plan and technical framework to 
source funds. 
The site designated for the project is situated in an urban environment surrounded by informal 
townships and residential areas, located in the same complex as the Philippi Agricultural Market 
which is part of the City of Cape Town‘s urban upliftment projects. The upliftment projects were 
developed to stimulate economic growth in the Philippi area. 
The research was conducted at the University of Stellenbosch aquaponics facility. A private 
mining company donated the facility to Stellenbosch University in 2013. The purpose of the 
aquaponics facility is to conduct academic research testing the performance, challenges, 
technical innovations and opportunities associated with aquaponics and other related production 
approaches.  
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1.3   Problem Statement 
As our global population growth is forecast to increase, an enormous amount of pressure will be 
put on our natural resources and food supplies ( Battersby, 2012; MacDevette, Manders, 
Eickhout, Syihus, Prins, Kaltenborn, 2009). Many of the world‘s poorest migrate and live in 
urban areas in which they remain unable to escape the poverty trap (Ravallion, 2002). Attention 
must be given to the future of food security in urban areas and supplying a sustainable source of 
protein (Crush, Frayne & Mclachlan, 2011). 
Despite global progress in alleviating food security, Sub-Saharan Africa remains a problem with 
the highest prevalence of undernourishment (FAO, IFAD & WFP, 2014).  The South African 
urban populations are increasing rapidly with most of the poor being cut off from their means of 
food production and food availability (Battersby, 2012). This leads to several challenges such as 
stressed public services, increased food insecurity and increased poverty. 
As the South African population urbanizes it systematically decouples the population from food 
sovereignty and traditional agrarian lifestyles. As agricultural activities are pushed further away 
from population centres, it leads to products being transported from greater distances. Oil shocks 
and energy price increases have an indirect price effect on transported commodities, especially 
food (Wakeford, 2006). Our cities have become unsustainably dependent on being fed from food 
produced outside its boundaries. Cities are increasingly dependent in food transported from 
distant areas across the globe. Cities are increasingly decoupled from food sources and residents 
are increasingly dependent on food access (Battersby, 2012). 
As one of the possible food security approaches, South Africa‘s cities will have to find solutions 
to secure innovative local food production, processing, transportation and waste solutions. Most 
of the supermarkets are located in areas which require motorized transport (Battersby, 2012). As 
a strategy to enable the poor to have access to healthy food, focus should be given to 
strengthening local markets and farms. 
Aquaculture is currently the fastest developing food producing sector in the world (FAO, 2014), 
and is viewed as one means to supply the ever growing global population with high quality 
protein. 
Freshwater aquaculture is largely undeveloped in South Africa, but only in recent years has seen 
a surge of interest from government and private sector seeking to both invest in, and more 
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generally, increase aquaculture development (Stafford, 2013).The main reasons behind the slow 
development are fourfold (Department of Trade and Industry, 2007; Rana, 2011; Salie, 2014): 
 South Africa does not possess a native marketable-domesticated fish species;  
 Policy which prohibited (until recently) exotic fish species to be commercially farmed 
(because of the possible threat to biodiversity and water pollution);   
 The South African extreme climatic and geographic landscape do not allow for 
favourable conditions that supports aquaculture development; 
 There is inadequate technical knowledge, skills and production-related technology to 
support the sector. 
Integrated aquaculture, especially aquaponics has gained much interest amongst hobbyists and 
small farmers. However the majority of aquaponic projects either fail or rely on external funds 
for support. Many interested farmers, hobbyists and development practitioners do not possess the 
required knowledge on aquaculture and hydroponics management. There is thus a need for a 
management guideline and business model for integrated aquaculture system development and 
management. 
The way we view waste needs to change to a way that we view it on micro level; a constant flow 
of nutrients that should be integrated into alternative means of production. Too much of our 
waste ends up ―wasted‖ on landfill sites or as water pollution, often resulting in algae blooms 
destroying aquatic ecosystems. Organic waste should be viewed as a valuable resource in food 
production. New and innovative ways need be found to minimize waste and to symbiotically 
incorporate it into local food production. 
Food production needs to cut down on its ecological footprint, currently one of the highest of all 
industries (Smith, Martino, Cai, Gwary, Janzen, Kumar, McCarl, Ogle, O'Mara, Rice, Scholes, 
Sirotenko, 2007; Khan, Khan, Hanira, Mu, 2009). The global rise in water scarcity is partially a 
consequence of an increased food demand from an growing population (Molden, Oweis, Steduto, 
Kijne, Hanira, Bindraban, Bouman, Cook, Erenstein, Farahani, Hachum, Hoogeveen, Mahoo, 
Nangia, Peden, Sikka, Silva, Turral, Upadhvava, Zwart, 2007). The current food system in South 
Africa (and elsewhere produces food on farms that are located far from where the food is 
consumed. This results in long transportation lines with energy and other associated processes 
required, to keep food fresh. Farmers themselves are challenged by rising energy costs with 
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those dependent on high energy-related inputs being most heavily impacted by volatile energy 
prices (Wakeford, 2006).  
1.4  Research Aim and Objectives 
The project proposal is aimed at exploring the challenges associated with aquaponics production 
and management and to propose solutions to avoid these challenges. The study aims to highlight 
challenges facing aquaculture development in South Africa and recommend ways to overcome it 
with alternative options (this study focuses on the building blocks and technologies which makes 
up aquaponics namely aquaculture and hydroponics and discusses the challenges surrounding 
these technologies to better understand the technology and potential of aquaponics). The study 
looks at the design and operation of aquaponic systems and recommends effective and/or 
improved design and management techniques. 
The objective is to deliver a project proposal to the Ntinga Multipurpose Co-operative and to 
provide small-to-medium-scale aquaponic farmers with knowledge on how to operate, design 
and maintain aquaponic systems. 
1.5  Materials 
This project proposal was drafted as a result of empirical research conducted on over six months 
at the WAF. The project proposal was done on request of Ntinga Multipurpose Co-Operative and 
serves as a techno-financial plan for developing their project. 
The project proposal is in accordance of one of the options allowed by the MPhil in Sustainable 
Development degree. The thesis thus does not take the form of a conventional academic thesis 
but rather as a case study and project proposal. 
The case study experiment that has been carried out at the WAF consisted of 3 separate +-
10 000L recirculating aquaculture systems.  Each of these systems contains: 
 2 x Aquaculture tanks; 
 1 x Waste separator and solids settler tank; 
 1 x Flatbed biofilter; 
 1 x Grow bed 
 1 x Sump tank 
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 1 x pump 
The other materials used in the system were: 
 4 x small air compressors 
 Aeration pipes 
 1 x Heat pump 
 1 x Pool pump 
 1 x 1000L IBC tank 
 HDPE pipes for heat exchange in the heat exchange system 
See figure 1.1 for a more detailed description of the system. Please note the greenhouse tunnel is 
a covered area, the view in figure 1.1 just portrays the inner components. 
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Figure 1.1: Welgevallen Aquaponics Facility list of components and water flowing by gravity from point 1-5. 
Stellenbosch University  https://scholar.sun.ac.za
  
10 | P a g e  
 
 Mozambique Tilapia, (Oreochromis Mossambiccus) were procured and used in the system and 
were fed a balanced diet of a reputable local feed producer. The plants tested were procured from 
a local nursery. These plants were: Course lettuce, green oak lettuce, cherry tomato, basil, 
chives, beetroot, Nevada lettuce, bijou lettuce, red mustard, Swiss chard and bright light spinach.  
No nutrients, fertilisers or additives were added to the system. Aeration to the fish tanks and 
grow bed raft system were provided by compressor and wind swirl aerators. 
Empirical tests were conducted over six months to observe the dynamics of fish and plants in a 
closed integrated system. Particular focus was given to the physical daily management duties, 
troubleshooting and challenges faced in the operation of small to medium scale recirculating 
aquaculture systems. 
Part of fulfilment of the MPhil in Sustainable Development degree is to complete prescribed 
modules for credits. I have completed the following modules for credits at the Sustainability 
Institute: 
 Biodiversity and Sustainable Agriculture; 
 Ecological Design for Community Building; 
 Wind and Hydro Energy. 
The Sustainability Institute modules assisted me to gain knowledge on the challenges and 
opportunities faced in modern agriculture and biodiversity conservation, it assisted to my 
approach in this thesis to farm with nature rather than against it and to integrate waste cycles and 
means of production. The modules have inspired me to conduct further research into aquaponic 
greenhouse design, - a subject which is not discussed in this thesis. 
I argue that to approach aquaponics successfully, one has to apply correct production and 
management practices for aquaculture and hydroponics. Thus to learn more and to understand 
the fundamental aspects of aquaculture and to acquire credits for the MPhil degree I enrolled for 
the year certificate course in aquaculture production and management hosted by the Aquaculture 
Division of the Department of Animal Sciences of Stellenbosch University which covered: 
 Applied Biology of Aquaculture Species; 
 Nutrition and Feeding of Aquaculture Species; 
 Water Ecology Monitoring and Management; 
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 Production Systems: Design and Management 
 Fish Disease and Fish Health Management 
 Processing and Product Development 
The certificate course in Aquaculture will be completed in mid-November 2014 when the final 
exams will be written. 
Furthermore I enrolled and passed a non-compulsory course module; Agronomy 312 a third year 
semester module from the Agri-Sciences Department of Stellenbosch University on Greenhouse 
Production Techniques. This allowed me to learn and understand the fundamental aspects of 
hydroponic farming and greenhouse management which I used in this thesis and argue that 
understanding it is crucial to approach aquaponics:  
 Controlled climate farming; 
 Plant Nutrition and nutrient solution management; 
 Sanitation,  
 Growing systems and greenhouse management. 
I also attended the 11
th
 biennial Aquaculture Association of Southern Africa‘s (AASA) 
conference that was hosted by the University of Stellenbosch. At the AASA conference I was 
introduced to many facets of the industry and had the opportunity to meet the world renowned 
―Father of Aquaponics‖ James Rakocy and Dr Wilson Lennard, who share many decades of 
research in aquaponics and recirculating aquaculture.  
Furthermore I had the opportunity to host a work session on the aquaponics and the future of 
agriculture at the Agri Mega Youth Conference that was hosted on the 9
th
 of April at Bien Donné 
Simondium. I managed to discuss some of the basic trial and errors running WAF and shared my 
personal enthusiasm for opportunities in alternative agriculture. The students were fascinated by 
seeing and interacting with a small aquaponics model and presentation on how it worked.  
1.6  Methodology 
The methodology includes a study of the literature which is discussed throughout the thesis 
especially in the literature review (chapter 2). The deep immersive learning process was the 
WAF site under the guidance of my supervisor Mr. Henk Stander which I was part of planning, 
building, and solely responsible for start-up, management, and maintenance.  
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The technical inputs were gained through coursework and further literature research of the 
Aquaculture certificate and agronomy model taken. This supported and resulted in the 
development of a project proposal which makes up the thesis.  
Before the business plan was fully developed a preliminary consultation with the members of the 
Ntinga Multipurpose Co-operative was organized to gain perspective of their needs and approach 
to the project. It was decided that the proposal‘s business plan should be set up according to the 
Department of Trade and Industry‘s guidelines which will be used to access grant funding for the 
project.  
1.7  Motivation for the Study 
Food security is defined by the prevailing definition agreed upon at the 1996 World Food 
Summit as ―when all people, at all times, have physical, social and economic access to sufficient 
safe and nutritious food that meets their needs and food preferences for an active and healthy 
lifestyle‖ (Barrett, 2010). The three pillars of food security is conceptualized as being: 
availability, access and utilization (Barrett, 2010). Aquaponics is based on producing both fish 
and crops which thus provides a supply of high quality protein, fats, vitamins and minerals 
required for a balanced diet.  
The proposed site for the Ntinga project in eastern Philippi region makes up one of the areas 
which are the most food insecure and where poverty is widespread. The area designated for the 
site make up one of the few open spaces in the City of Cape Town which is the second largest 
urban area in South Africa (Battersby, 2011). The city is faced by a dual challenge as stated by 
Haysom & Battersby (2012); ―…of seeking ways to manage and administer a large portion of 
land, land carrying rural status, but within the immediate urban environment, located within an 
area of significant poverty and need, namely the Cape Flats‖. The Cape Flats region is an area 
which open land is fiercely contested by citizens, activists and pressure groups to supply housing 
to those living in informal settlements (SABC, 2012; Knoetze, 2014; Sesant, 2014). 
The issue surrounding high quality water supply directly challenges the viability of horticultural 
practices in available urban land (Haysom & Battersby-Lennard, 2012). The same can be said 
about aquaculture practices: ―The water environment [therefore] plays an integral part in the 
efficiency, productivity and profit margin of the aquaculture project‖(Salie, 2011). 
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The unique situation creates a challenge to develop new ways to produce highly efficient 
affordable, accessible high quality food while conserving land and water quality. 
During the year of 2013 I was part a team developing an aquaculture project on a farm in 
Mpumalanga. The main challenge identified was to reduce the impact that aquaculture has on the 
environment, specifically in terms of the protection of biodiversity and waste treatment. These 
challenges led me to researching integrated aquaculture which I identified as posing many 
solutions to the challenges encountered at the Mpumalanga site. The company that I worked for; 
Richmond Mining and Exploration decided to build and donate an aquaponics facility to the 
University of Stellenbosch‘s Aquaculture Division which enabled the research process  
Research commenced in January 2014. As part of my initial research I visited several aquaponic 
and hydroponic projects; 
 The aquaponic garden in the V&A waterfront operated by Mojo restaurant; 
 Commercial aquaponic farm in Grabouw operated by a private farmer; 
 Green drop aquaponic farms operated by a private urban farmer; 
 An aquaponic NGO start up farm in Kuilsrivier with the goal to self-sustain its homeless 
shelter centre with food and profit from the farm; 
 Sustainable Aquaponics NGO who aims to produce food for schools and community 
projects; 
 Aquaponic farm in Middelburg (Mpumalanga) operated by private researcher and farmer 
Mike Blinkinsop; 
 The R7 million Beaufort West Hydroponics Project which employed 60 people at its 
peak and operated between 2003 and 2007. It was managed by the Council of Scientific 
Industrial Research (CSIR) in partnership with the Beaufort West Municipality. The 
project collapsed in 2010 after it could not cover the high transport costs to deliver its 
produce in Cape Town.  
I also did an extensive internet search for similar projects internationally and followed their 
project development progress, these farms include: 
 The large commercial aquaponic farm operated by Paul van der Werf from Earthan 
Group Pty Ltd in Sharjah, United Arab Emirates; 
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 Aqua Vita farms operated by a private businessman Mark Doherty in Whitesboro, 
New York; 
 Lufa farms who operates a large commercial urban rooftop hydroponics greenhouse 
in Montreal, Canada. 
 Tropenhaus Wolhusen aquaponic greenhouse growing tropical plants in Wolhusen, 
Switzerland. 
I noted through conversations, and eyewitness accounts that many projects were failing or are 
dependent on financial rescue or other external funds. Also noted were that the majority of issues 
are related to problems associated with a lack of knowledge on designing and managing 
aquaponics systems, as well as a lack of proper planning and project management.  
It proved that even large government funded commercial projects such as the Beaufort West 
Hydroponic company which proved to be a state of the art project managed by professionals and 
scientists can be ruined through factors such as miscalculated overhead costs and increasing 
energy prices (Yeld, 2013). 
These factors informed my research hypothesis and led me to researching aquaculture and 
hydroponic production and management techniques so as to gather first-hand experience in the 
management of an aquaponics facility. A further question was to analyse various different 
aquaponic systems and to assess the outcomes of the system design options. Concepts of 
different system designs were tested through basic management and testing. Hence the final 
design was a product which evolved through the process of empirical learning. 
Late July 2014 my supervisor Mr. Henk Stander was approached by a group of African women 
farmers who wished to start an aquaculture project in Philippi, Cape Town. They had no 
knowledge of aquaculture production and management and the site proposed for the project 
posed several challenges. Informed by the practical research that had been carried out since 
January 2014, I proposed developing a business plan and project proposal directed at this project 
as a case study for my thesis. 
Researchers on aquaponics claim that the technology allows waste water to be recirculated for 
secondary production of plants and that the economics of aquaponics varies from site conditions 
and markets (Rakocy, Masser, Losordo, 2006).This needed to be explored and tested as a 
practical case study in local conditions such as in the Western Cape. 
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The introduction, part 1.1 of this thesis, adds to the motivation and argument why the research on 
aquaponics has to be done and why it can be viewed as an alternative and sustainable approach 
to addressing the shortcoming of the South African aquaculture industry. 
The current unique situation identified in South Africa‘s heavily undeveloped freshwater 
aquaculture industry can be argued to be an ideal opportunity for sustainable aquaculture 
development. The factors supporting an alternative approach (such as recirculating/aquaponic 
systems) towards aquaculture development is: 
 The undeveloped aquaculture industry poses a potential to deliver more jobs, food and 
increase our GDP; 
 Fish is highly nutritious, supporting the food security agenda; 
 Closed aquaponic systems produce a high amount of fish with low volumes of water 
which means aquaponic systems can be operated in areas not suited for traditional 
aquaculture like pond or river flow through systems; 
 Inappropriate climate for traditional pond or flow through river aquaculture promotes 
controlled recirculating systems; 
 New amendment to the NEMBA act which permits under regulation faster growing fish 
species which promotes the economic viability of aquaculture and aquaponic operations; 
 NEMBA regulation which requires strict biosecurity and control on farms farming with 
alien species, and promotes the use of closed integrated recirculating systems; 
 Aquaponics produce both fish and crops; 
 The symbiotic nature of aquaponics integrates and recycles waste water efficiently; 
 Aquaponics is compact and require very little land to produce a high volume of food, 
supporting the fact that urban areas have very little arable and available land. 
Because aquaculture requires a high level scientific approach and management expertise 
(Stafford, 2013) it calls for research and capacity building to support sustainable development of 
the aquaculture in South Africa. 
1.8  Chapter Outline 
This study follows the order indicated in figure 1.2. It will start with chapter 1 which introduce 
the background of the study and discuss the problem statement, methodology and the rationale 
for the study. 
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Chapter 2 contains the review of the literature and discuss the state of food security and urban 
pressures faced in South Africa. It discusses the state of international, African and South African 
aquaculture followed by the benefits and characteristics of fish as food source in South Africa.  
The latest regulatory development in South African aquaculture and what benefits and draw 
backs it holds for fish farmers are discussed.  This is then followed by a review of alternative 
agriculture and sustainable aquaculture. 
Chapter 3 discusses the fundamentals of aquaculture and hydroponics as an approach required 
for capacity building and integrating the two facets into aquaponics. This forms as a guideline to 
aquaponic production and management, and methods to improve systems is proposed. 
Chapter 4 is a detailed description of the WAF case study, learning and development process. 
Chapter 5 provides be the Ntinga Multipurpose Co-operative project proposal that includes a 
technical and financial plan for an aquaponic farm. 
Chapter 6 concludes the entire thesis and draw together the arguments. 
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Figure 1.2: Chapter layout of thesis. 
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Chapter 2 - Literature Review 
2.1 Introduction 
Urbanization is one of the most significant phenomena our world currently faces. While many 
who move to the cities are in search of a brighter future, this is not always the case as poverty 
and malnutrition are increasing rapidly in urban areas. The demand for protein and nutritious 
foods remains a prominent challenge as many suffer chronic malnutrition. 
In this literature review, the focus was to highlight the challenge of food security in urban South 
Africa with a specific view on how aquaculture can be utilized to contribute sustainably to the 
challenge. The current status of global and local aquaculture is important to understand the 
potential and approach required for sustainable development of aquaculture in South Africa it 
has been discussed in this study. 
Alternative aquaculture methods was be discussed and argued as to why it is necessary approach 
and how it can be integrated into other sectors of food production. Pitfalls to development and 
management of aquaculture projects were discussed and an argument as to how to approach it 
was made. 
2.2.  Urban Pressure 
2.2.1  Urbanization and population increase 
According to UN estimates, the  world‘s rural-urban population balance shifted in 2007  when, 
for the first time in history, the population of urban areas were more than that of rural areas 
(International Monetary Fund, 2007). It is predicted that Africa will become a predominantly 
urbanized population above 60%, to over 1 billion  by 2050 (Goldstone, 2010; UN-Habitat, 
2012).  
Global population growth is forecasted to increase by 3 billion by 2050 (Brown, 2011). Feeding 
this future population of 9.2 billion people might be the biggest challenge we as a human race 
ever face.   
According to 2011 statistics, 62% South Africa‘s population live in urban areas (Central 
Intelligence Agency, 2014), which is expected to reach 80% by 2050 (Todes, Kok, Wentzel, Van 
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Zyl, Cross, 2010). Meeting the food security of South African citizens will therefore be an 
increasingly urban challenge and responsibility. Rising urban poverty is associated with many of 
the newly urbanizing populations that are cut off from their means of subsistence food 
production, which they relied on for food production in rural areas (Ziervogel & Frayne, 2011).  
2.2.2 Food security 
According to  the World Food Summit of 1996 (FAO, 2008a; Frayne, Battersby-Lennard, 
Fincham, Haysom, 2009; Barrett, 2010): ―Food security exists when all people, at all times, have 
physical and economical access to sufficient safe and nutritious food that meets their dietary 
needs and food preferences for an active and healthy life.‖  Ziervogel and Frayne (2011), suggest 
that the term ‗sustainable food production‘ is missing from the definition set by the World Food 
Summit. It was however placed in the International Policy Research Institute‘s (IFPRI) 2020 
Vision statement, referring to food security as ―a world where every person has access to 
sufficient food to sustain a healthy and productive life, where malnutrition is absent, and where 
food originates from efficient, effective, and low-cost food systems that are compatible with 
sustainable use of natural resources‖. 
According to the FAO (2014) 14% of the world‘s population is undernourished, accounting for a 
third of all infant mortalities. According to Hasan (2012) between 2011-2013 about 842 million 
people suffered from chronic malnutrition. Despite an increased food production the 
undernourished population has increased by 9% to 12% globally since 1990 (see figure 2.1) 
(Barrett, 2010).  
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Figure 2.1: Different food security proxy indicators: It shows that although food productions have increased 
the undernourished population remains fairly unaffected (Barrett, 2010). 
 
Food security is when food is available, accessible, and usable which is referred to as the three 
pillars of food security (Barrett, 2010). According to the FAO (2014) food supplies in the past 
twenty years have outpaced population growth which supported the challenge of food 
accessibility. Despite many citizens having access to food, many communities have access to 
food of sufficient calories but not sufficient nutritional value.  Many South Africans suffer from 
malnutrition due to poor dietary diversity, and food insecurity has directly been correlated to an 
array of chronic illnesses, lack of energy and inability to work productively (Frayne et al., 2009; 
FAO, IFAD & WFP, 2014). According to Barrett (2010) it is estimated that more than a billion 
people lack sufficient dietary energy availability and more than two billion suffer from 
micronutrient
5
 (mineral and vitamin) deficiencies which is called the ‗hidden hunger‘(FAO, 
IFAD & WFP, 2014). This calls for action to provide access to more nutritiously balanced food. 
Battersby (2011) argues that meeting national food security will be and increasing urban 
challenge. The FAO (2008b), states that a major challenge for urban food security will be to 
provide ―adequate quantities of nutritious and affordable food for urban inhabitants, with less 
water, land and labour‖. This calls for an integrated approach to food security in which systems 
and resources work together efficiently. 
                                                 
5
 A chemical element or substance required in trace amounts for the normal growth and 
development of living organisms. 
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According to  Frayne et al. (2009), elements of an integrated food security strategy in a modern 
democratic city would consists of a food sector that is based on: 
 A reduction of fossil fuel inputs; 
 Maintaining and developing terrestrial and marine resources; 
 Positive urbanisation; 
 Improved livelihoods; 
 Robust local food systems; 
 Investment and development of local markets; and 
 Mitigation of climate change. 
 
Figure 2.2: Where are cities growing (UN-Habitat, 2012). 
Recently, food markets have become increasingly flexible under structural changes from 
growing incomes, globalization, trade liberalization, lifestyle choice and new markets. Improved 
retail chains and supermarkets have made an impact on the distribution and consumption patterns 
of food not previously accessible for consumers. These changes fall under the wider term of the 
―big food transition‖ (Igumbor, Sandes, Puoane, Solekile, Schwarz, Purdy, Swart, Durao, 
Hawkes, 2012) and the ―nutrition transition‖ (Popkin, 2002). These changes are not necessarily 
positive. Urban food can often be more expensive and other associated costs mean that newly 
urbanised poorer populations experience changing spending-patterns in which they tend to 
devote a higher amount of their income to food than what they were used to (FAO, 2014). 
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Cape Town is identified as one of the major urban growth points in the world (see figure 2.2 
above). The City of Cape Town is South Africa‘s second largest urban area with a population of 
approximately 4 million people. Cape Town faces increasing pressures and development 
challenges with regards to the rising poverty, housing shortage, and urban sprawl (Battersby, 
2011). 
McLachlan & Thorne (2009) states that malnutrition rates in urban areas are increasing, which 
shows a problematic link to the urban access to food because South Africa is considered to be 
nationally food secure with a well-developed agricultural sector. This issue thus calls for more 
effective methods to make high quality food available, accessible, usable through alternative 
supplementation to the food supply such as aquaculture which is a very undeveloped sector in 
the country and has large potential to expand (Department of Trade and Industry, 2007; Rana, 
2011). 
2.3 Potential of Aquaculture 
2.3.1 Why Aquaculture? 
Fish protein represent a necessary nutritional component for many populated places on earth 
which have a comparative low protein intake, the potential of fish as quality food source of 
choice is realized and utilized worldwide and is increasing rapidly at an average of 9.9kg per 
capita in the 1960‘s to 18.9kg per capita in the year 2010 (FAO, 2014) (see figure 2.3). 
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Figure 2.3: World per capita meat and fish food supply (FAO, 2014) 
Linking to the definition of food security as stated in the above mentioned section 2.2.2., the 
focus is placed on the access to nutritious food for a healthy balanced lifestyle. Therefore to meet 
the challenge more attention and priority should be given to farms that produce healthy products 
with a diversity of quality micro and macro
6
 nutrients. 
According to Mathias, Charles and Baotong, (1998) aquaculture production and fisheries play an 
important role in providing global food security by providing communities with  a source of 
quality protein and valuable nutrients needed for a healthy diet. A fish portion of 150g is enough 
to provide 50-60% of the required protein for an adult person (FAO, 2014).  
Fish is low in saturated fats, cholesterol, and carbohydrates and high in a concentrated source of 
quality protein which is made up of well-balanced amino acids, micronutrients, and less-well 
known nutrients such as taurine and choline, even small quantities have proven to have a 
significant nutritional impact (Murray & Burt, 2001; FAO, 2014). The fatty acids in fish contains 
large amounts of omega-3 which is significantly more in comparison to other white and red 
meats (Williams, 2007).  
                                                 
6
 A type of food (e.g. fat, protein, carbohydrate) required in large amounts in the diet. 
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2.3.2 Marine or Freshwater fish? 
It is recommended that consumers include a variety of different (farmed and wild caught, marine 
and freshwater) fish species in their diets (Usydus, Szlinder-Richert, Adamczyk, Szatkowska, 
2011). Wild caught fish have a common perception to be superior in nutrition in comparison to 
freshwater farmed fish, a study by Szlinder-Richert, Usydus, Malesa-Ciecwierz, Polak-Juszxzak, 
and Ruczynska (2011) found that protein- amino acids in popular wild caught marine fish 
(Salmon, Cod Herring) resembles that of freshwater farmed fish (Trout, Carp, Tilapia, Catfish). 
Farmed fisheries have an advantage that the nutrient composition of food is kept constant and 
well balanced, fish are managed in a monitored environment to maintain optimum health and 
growth levels required by consumers (De Wet, 2011; Salie, 2014). Maintaining healthy brain and 
heart function (especially for patients suffering with cardiovascular diseases) it is recommended 
to eat fatty cold water fish species such as salmon, herring and farmed trout which is high in 
EPA and DHA (omega 3 fatty acids) concentrations. 
Not only is wild capture fisheries under heavy threat due to exploitation and overfishing (FAO, 
2010), wild capture fisheries tend to be increasingly exposed to external contaminants such as 
mercury, and other heavy metals (Szlinder-Richert et al., 2011; Usydus et al., 2011; Leung, 
Leung, Wang, Ma, Liang, Ho, Cheung, Tohidi, Yunf, 2014). Studies done by Velusamy, 
Satheesh, Ram and Chinnadurai,  (2014) and Leung et al. (2014) showed that heavy metal 
contamination is not only related to marine fish as significant amounts of heavy metal 
concentrations and pollutants were found in both marine and freshwater fish species surrounding 
industrialized and developed areas.  A report by Ling et al., (2013) showed that the dangers of 
traditional open earthen pond farming is that the contamination of fish is linked to pond 
sediments which means that polluted underground water, anthropogenic land use activities and 
air pollution have an effect on fish contamination of these farming methods.  
This calls for strict control measures which monitor the quality, country of origin, feed and 
proper farming practices of fish. A possible solution to the issue would be the use of closed 
control systems such as closed recirculation systems which don‘t have contact with soil sediment 
and can be precisely managed and regulated. 
2.3.3 Global Aquaculture Development  
Aquaculture is the world‘s fastest growing agro-food sector, growing at an annual rate of 8.8% 
over the past 30 years (Toufique & Belton, 2014). With the growing benefits in quality, 
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efficiency, technology, and knowledge, farmers are developing freshwater aquaculture farms. 
While global wild capture fishing remains under threat to overexploitation especially in certain 
regions where catches are concentrated its production levels remained fairly stable in recent 
years, the global aquaculture contribution have increased from about 13% to 42% (see figure 2.4 
and 2.5) (FAO, 2014). The rise in global aquaculture production (see figure 2.4 and 2.6) will 
hopefully visibly bring down the wild capture production to safer more sustainable levels.  
 
Figure 2.4: World wild capture and aquaculture/fisheries production (FAO, 2014:3) 
 
Figure 2.5: Relative contribution of aquaculture and wild capture fisheries to food fish consumption (FAO, 
2014) 
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Figure 2.6: Share of aquaculture in total fish production (FAO, 2014). 
According to the (FAO, 2012a) the increase in fish consumption is largely driven by population 
growth, urbanization, change in food preference, rising income levels and efficiency in the 
aquaculture industry. About 58.3 million people were directly involved in the global aquaculture 
industry (FAO, 2014). 
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The international aquaculture statistics of the FAO (2014) states that America (mainly South 
America) and especially Africa has much lower per capita fish consumption levels and supply 
per capita than the global average (see figure 2.7). Africa and South America therefore have 
much more potential to increase its production and per capita consumption of fish, in regards to 
Africa this will enable to potentially close food and nutrition gaps in many regions as well as 
contributing to the socio economic development. 
 
Figure 2.7: Fish food supply per capita 2008-2010 (FAO, 2014) 
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Table 2.1: Global fishery production and consumption trends per region (FAO, 2014) 
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African aquaculture development has seen the greatest growth per continent  at 11.7% in the past 
12 years (FAO, 2014). Despite the wealth of natural and human resources, Africa‘s contribution 
to global farmed fish production is very low, at 2.23% of global production (See table 2.2) 
(FAO, 2014) with North Africa making up 69% of the total African production. Egypt is the 
leading producer in Africa, producing 630 000 tonnes in 2007 (Rana, 2011).  
 
Table 2.2: Aquaculture production by region: Quantity and percentage of global total production (FAO, 
2014) 
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Across Africa many policy makers have placed aquaculture development high on their 
development agendas and strategic frameworks. International assistance has been requested to 
help develop the sector. Challenges hindering development of aquaculture is mainly tied to 
challenges and restraints namely: Water, land, financial, and support mechanisms needed for 
aquaculture production have become difficult to access as competition for these resources 
becomes tighter. These challenges are a threat to the sustainability to the aquaculture sector in 
Africa (FAO, 2014). Brummett, Lazard & Moehl  (2008) state that evidence indicate that a 
pragmatic business approach supporting the development of SME‘s (small and medium-scale 
private enterprises) would improve and provide more benefits to aquaculture development in 
Africa in relation to centrally planned subsidized projects. 
2.3.4 The status of Aquaculture Development in South Africa 
South Africa‘s aquaculture development can be categorized into three epochs according to 
(Hinrichsen, 2007). Firstly during the colonial era the Europeans introduced exotic fish species 
which were used mainly for angling purposes. During the apartheid era in the mid 1900‘s the 
second wave of development were driven by supporting the private sector and establishing 
commercial aquaculture which were mainly focused on oysters and trout. The third post 1994 era 
were characterized by large scale commercial aquaculture (mainly marine and existing trout 
projects) and rural entrepreneurial projects. The development was however very restricted 
because government‘s provincial nature conservation departments changed policies that 
restricted production and stocking of exotic fish species. Government withdrew central support 
and privatized many facilities. After the political transition period government missed the 
opportunity to issue a national aquaculture policy and supportive frameworks which caused the 
country to fall behind in terms of global development.  
Although aquaculture is outpacing all other food producing sectors as discussed in section 2.3.3. 
South Africa‘s aquaculture production is however highly undeveloped (Rana, 2011; Stafford, 
2013) and responses to the rising demand for fish products have been slow in contrast with other 
parts of the globe (see figure 2.5). South Africa produced 4253 tonnes of fish and aquatic 
products (excluding seaweed) in 2010 (of which 2262 tonnes where freshwater fish)which is less 
than 1% of that what Egypt produces (Department of Trade and Industry, 2007; Rana, 2011; 
Statistics South Africa, 2013).  
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When compared to the rest of Africa, South Africa is not culturally a traditional fish eating 
nation - the indigenous people of Southern Africa do not share the same cultural preference to 
fish consumption (Department of Trade and Industry, 2007; Cilliers, 2013). South Africans that 
do consume fish and fish products have become accustomed to marine fish as part of their diet. 
Fish specifically the Hake species has been the common stock fish as these were plentiful and 
affordable. Hake resources have become overfished in the past decade. This led to strict 
management measures introduced in 2006. The South African pilchard, also a household name, 
and available on supermarket shelves throughout the country, has declined considerably and is 
classified as fully fished or overfished (FAO, 2014). The pressure on wild capture fisheries is too 
high to be sustainable as the sole resource of fresh fish. This calls for alternative fish resources 
such as aquaculture. The question is why aren‘t fish farms as popular and widely practiced in 
South Africa?  
Some of the problems identified were the complex nature of aquaculture which requires a high 
level of management expertise and scientific skills, shortage of suitable sites and water 
availability, restrictive climate and legislative issues (Rana, 2011; Salie, 2014). 
Aquaculture is not only seen as a tool to contribute to both food security and poverty and poverty 
reduction (Toufique & Belton, 2014) but commercial aquaculture development holds a great 
potential to contribute towards economic development and job creation in South Africa 
(Department of Trade and Industry, 2007). In common with many developing countries, South 
Africa does not yet have industry specific legislation and regulatory systems for aquaculture. 
Aquaculture is put in the same category as other food producing sectors and is controlled by 
generic legislation and guidelines (Rana, 2011).  
The main reasons behind the slow development in aquaculture development are fourfold 
(Department of Trade and Industry, 2007; Rana, 2011; Salie, 2014): 
 South Africa does not possess a native marketable-domesticated fish species;  
 Policy which prohibited (until recently) exotic fish species to be commercially farmed 
(because of the possible threat to biodiversity and water pollution.);   
 The South African extreme climatic and geographic landscape do not allow for 
favourable conditions that supports aquaculture development; 
 There is inadequate technical knowledge, skills and production-related technology to 
aquaculture. 
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The progress and development of aquaculture has been restricted by environmental legislation on 
the conservation of natural resources of which much is cited in Section 24 of the South African 
Constitution. However, this is largely oriented to legislation focusing on natural resource 
oriented farming (traditional agriculture) but view aquaculture with other agricultural practices 
and in so doing inhibits aquaculture development and investment opportunity (Rana, 2011; 
Cilliers, 2013). One of the primary concerns identified was the regulation of alien and invasive 
species; because South Africa doesn‘t have marketable fast growing freshwater fish species and 
there was a great need to use them (Salie, 2014). The extent of impact of introducing alien fish 
species was not yet known and required impact assessments and in depth research (Hinrichsen, 
2007). This long and strict process was however the most responsible way to protect our 
biodiversity and environmental sector for the long term‘s sake it can be argued that an open door 
could be given to innovative strategies such as the benefits of RAS (recirculation aquaculture 
systems) which is closed systems and pose no threat to biosecurity.  
The Department of Trade and Industry (DTI) have embarked on a massive programme to support 
aquaculture development in South Africa through policies supportive strategies and cost sharing 
grants (Stafford, 2013). The sector has also been added to the Industrial Policy and Action Plan 
(IPAP) which aims to improve the productivity of the sector while generating job creation. The 
DTI and the Department of Agriculture Forestry and Fisheries (DAFF) launched the National 
Aquaculture Strategic Framework (NASF) in 2011 which supports aquaculture development and 
aims to guide the sector towards sustainable development.  A R800 million support project 
Aquaculture Development and Enhancement Programme (ADEP) have been launched in March 
2013 which aims to increase production, integrate industry participation, create and sustain jobs 
across the wider geographic spread of South Africa (Moolman, 2013).  
On October 1, 2014 the Department of Environmental Affairs (DEA) promulgated the regulation 
of Prohibited Alien Species under the National Environmental Management: Biodiversity Act 
(NEMBA) 10 of 2004 which stated that a select invasive fish species would be permitted but 
regulated through permits and management guidelines (Department of Agriculture Forestry & 
Fisheries, 2013; Department of Environmental Affairs, 2014).  
It can be argued that the new legislation and supportive frameworks marks the era of the fourth 
epoch of aquaculture development in South Africa which will dramatically contribute to the 
economy and national food security. 
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2.3.5 Tilapia: South Africa’s next commercial fish? 
The updated list of alien species under the National Environmental Management: Biodiversity 
Act allows for the farming of the Nile tilapia fish (Department of Water and Environmental 
Affairs, 2013),which is the world‘s second most commercially farmed  freshwater fish species 
(see figure 2.8 and 2.9) and is widely known as the ‗aquatic chicken‘ or the ‗democratic fish‘ for 
its popularity amongst fish farmers, bland/non-fishy taste for culinary purposes and because it‘s 
considered as the perfect factory fish (El-Sayed, 2006; Rosenthal, 2011; Mapfumo, 2014). 
Tilapia culture (the propagation/farming of tilapia fish) is believed to have originated 4000 years 
ago (El-Sayed, 2006). Tilapia is a native African freshwater fish, its name was derived from the 
African Bushman word meaning ‗fish‘(Trewavas, 1982). El-Sayed (2006) states that the tilapia 
fish have attributes that make it the ideal fish species for freshwater aquaculture, which is 
especially beneficial to developing countries. The beneficial factors of tilapia include: 
 Fast growth; 
 Resistance to stress and disease; 
 Tolerance to a wide extent of environmental conditions; 
 Quick adaptation and reproduction in captivity; 
 Ease to adapt to low feeding levels and acceptance of various feeds. 
 
Figure 2.8: List of the major fish species in freshwater aquaculture in 2010 (FAO, 2012) 
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Figure 2.9: Image of Tilapia (Oreochromis niloticus) 
The Nile Tilapia (Oreochromis niloticus) (see figure 2.9 above) is the most popular Tilapia 
species and is one of the most researched fish species making it a reliable fish species in 
aquaculture(El-Sayed, 2006). As with agriculture, successful development of the aquaculture 
sector is made up of a mix of indigenous and exotic breeds that are suitable for farming and able 
to adapt to unique challenges (Rana, 2011).  
The Tilapia is characterised as being a very versatile fish as noted above, the most predominant 
constraint to tilapia culture, is its inability to withstand cool water temperatures. It is a warm 
water fish species that is most productive in the range of 29-33°C,  the Tilapia can however 
survive in the range between 15 - 35°C (Popma & Masser, 1999). Tilapia is generally suited for 
warm lowland areas in South Africa which have warm summer and winter seasons such as 
Limpopo Province, North West, Mpumalanga and Northern Kwa-Zulu Natal. In areas which 
have winter temperatures too cold for Tilapia, production is advised to be restricted to warmer 
seasonal periods. This calls for research to explore production systems which can provide suited 
environments whilst being energy efficient and economically viable. 
The Nile Tilapia species is not native to South Africa, as it is a North African fish. The 
Mozambique Tilapia (Oreochromis mossambiccus) is the widely found in South Africa and is 
commonly referred to as the Blue Kurper.  The distinct difference between the Nile and 
Mozambique Tilapia species is that the Nile Tilapia species grows faster and larger and is the 
more researched specie which is commercially farmed between the two. The use of Nile Tilapia 
species in farming or research are however strictly regulated in South Africa through permits 
thus the reason that Mozambique Tilapia was used in the WAF experimental case study 
discussed in Chapter 4. 
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2.3.6 Challenges of Aquaculture Development 
Mathias, Charles & Baotong, (1998) states that the predominant challenges to aquaculture are: 
 Availability of water; 
 Availability of land; 
 Sustainability of feed; 
 Complex scientific knowledge such as fish biology, and water ecology of aquaculture; 
 Human carried viruses. 
Aquaculture is mainly dependent on the ‗triple bottom line of sustainability‘ for its own 
sustainability (FAO, 2010, 2014).The ‗triple bottom line principle‘, was termed by John 
Elkington (Swilling & Annecke, 2012), that encapsulates the fact that for sustainable 
development planning, management and decision makers need to place social value and 
environmental value alongside economic value.  Any threat to the economic, environmental and 
social cohesion supporting an aquaculture development will lead to challenges for the basic 
survival of the venture.  To address or avert issues one has to identify them and construct an 
action plan. In identifying challenges and issues one has to outline on the various steps of 
production (figure 2.10) and look at the causes that inhibit successful aquaculture production.  
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Figure 2.10: Schematic tree diagram to identify Ecological, and Socio-economic issues through the 
aquaculture production cycle (FAO, 2010) 
 
An ecological assessment can identify and provide information about the ecological issues 
related to the aquaculture processes, as seen in figure 2.10; it can be broken into steps of 
production. It is often the case that the problems relate to social issues. If socio-economic issues 
arise then it is advisable to conduct a socio-economic assessment parallel to the ecological 
assessment. 
Often both socio-economic and ecological issues have their origin in the ‗ability to achieve‘ 
factor. The ability to achieve is held back by elements which have its origin in governance and 
institutional factors. Often the major problems to aquaculture development are that there is a: 
 Lack of knowledge; 
 Lack of training; 
 Lack of enforcement and support; 
 Insufficient enabling legal framework (FAO, 2010; Rana, 2011; Salie, 2014); 
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And it can be argued that another challenge is the lack of an integration of ecological, social and 
the ability to achieve factors. As identified above, knowledge and training is required for 
effective aquaculture development, this eventually lead to proper planning and capacity required 
to prevent projects from failing (Stoltz, 2010; Yeld, 2013; George, 2014). 
For decision-making and prioritization it is recommended to track and place resource impacts into 
local, regional and global scale of impact and to categorize the impacts into negative and positive 
effects see table 2.3. 
 
 
Issues at different scales 
 
Farm (Local) 
 
Regional Watershed 
 
Global 
Resource Used 
 
Water 
Use of water resource-
Pollution of water 
resource through 
aquaculture effluent and 
potential antibiotics and 
medication. 
-Use water for aquaculture 
thus competing with other 
species on the farm that 
requires clean water. 
+Reclaiming of nutrient 
rich wastewater as crop 
irrigation 
+Using recirculating 
aquaculture systems that 
use water resources very 
effectively. 
-Competes for water 
against other sectors that 
requires clean water. 
-Spread of polluted water 
and non-degradable 
chemical products. 
+If Aquaculture 
wastewater is cleaned and 
recycled it will have 
minimal effect on regional 
water systems. 
+Using recirculating 
aquaculture systems that 
use water resources very 
effectively leaving more 
freshwater for human 
consumption. 
-Potential pollution of 
shared water bodies, and 
river systems 
+If aquaculture wastewater 
is reclaimed and recycled 
the pressures for global 
freshwater supplies can be 
relieved. 
+Using water efficient 
recirculating aquaculture 
systems which produce 
food with low water 
footprints. 
 
Energy 
- Energy used for 
production (pumps, 
aerators) 
-Farming with the wrong 
kind of fish species which 
requires a high energy 
input. 
-Energy used to transport 
product to local market. 
+Using renewable energy 
sources and energy 
efficient farming methods 
and modes of transport 
will reduce the energy 
demand on the electricity 
grid and reduce the carbon 
-Energy used for transport 
(fuel, and cold chain 
energy). 
+Using energy efficient 
transport modes or 
supplying local will reduce 
the environmental impact 
of the end product. 
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+Farming with a native 
fish species which are 
adapted to the local 
climate and requires 
minimal energy input. 
+If renewable energy and 
energy efficient farming 
methods are used it will 
relieve the pressures of 
external energy input 
which may cut costs and 
lower the carbon footprint 
of fish. 
 
footprint of the farming 
operation. 
 
 
Species 
 
-Escapee fish that might 
interbreed with native fish 
species and cause disease. 
 
+Farming with own 
hatchery supplying own 
fingerlings instead of wild 
capture. 
 
 
 
-Using feed that is sourced 
from other fish resources 
may have an indirect 
negative impact on the 
fish stock and 
sustainability of the 
ecosystem. 
 
-Escapee fish that might 
interbreed with native fish 
species and cause disease. 
 
 
-Using feed that is sourced 
from other fish resources 
may have an indirect 
negative impact on the fish 
stock and sustainability of 
the ecosystem. 
 
+Using sustainable 
feedstock 
 
+Farming with own 
hatchery supplying own 
fingerlings instead of wild 
capture. 
 
 
Land, River, or Ocean 
Space 
-Using up space with a 
poorly designed system 
and causing a direct 
influence in the area. 
 
+Using efficient and well-
designed farming systems 
which are compact. 
 
+Using closed 
recirculation technologies 
which can be used without 
the need for large water 
bodies. 
 
-A farming operation 
which takes up too much 
space, which may 
displease local residents or 
fellow water users. 
 
-Non-rehabilitated fish 
farms which cause harm to 
water users and 
ecosystems (nets, 
equipment). 
 
Table 2.3: An example of categorizing impacts of aquaculture (Aquaculture Division, 2007; FAO, 2010; Salie, 
2011). 
 
Table 2.3 above maps out the most common resource use issues that are caused by aquaculture, 
the farm is however part of a complex ecosystem and thus input and outputs have to be analysed 
(see figure 2.10, 2.11 and 2.12). A farmer has to map out and weigh the negative and positive 
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effects to determine and simulate the impact that it would have. The farmer or developer can thus 
put measures in place to minimize or avoid these effects. 
Negative and positive impacts of resource use should be seen as a whole in the broader context 
of the environment.. It will not be sustainable for an aquaculture venture to be only socio-
economically positive and have no measures in place to deal with its environmentally negative 
challenges. Impacts and risks should be categorized into short, medium and long term facets 
(FAO, 2010). 
One of the major environmental risks identified in intensive aquaculture systems is the pollution 
of water resources through the production of waste water which is high in nutrients which causes 
eutrophication (algal blooms in water) which causes degradation in water quality and loss of 
aquatic life (Fisheries Branch Of The Department Of Agriculture Forestry and Fisheries, 2013). 
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Figure 2.11: Common issues with aquaculture inputs and outputs (FAO, 2010) 
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Rana (2009) warns of fish farming ventures that fail because of low-value fish species being 
used that make projects economically unfeasible. Lapere (2010) argues that if a faster growing 
species of tilapia were to be used in aquaponic systems namely the ―Nile Tilapia‖ species, it 
would significantly benefit the economic feasibility of aquaponics, this is mainly due because as 
other RAS technologies, aquaponic systems rely on costly infrastructure. It is thus an ideal 
opportunity to explore the viability and business plan by using the faster growing Nile tilapia in 
aquaponic systems. 
According to Mapfumo (2014), aquaculture development is challenged by climate related issues 
such as flooding, drought and climate change. Project finance is difficult to access as banks and 
professionals have limited knowledge of aquaculture and many projects have unrealistic business 
plans (Salie, 2014; Stander, 2014). Aquaculture development is further challenged by the food 
markets as aquaculture has to compete with other agricultural sectors such as chicken farms and 
horticulture. 
Hinrichsen (2007), states that aquaculture development in South Africa is determined by the 
successful and efficient integration of natural resources (land, climate, energy and biodiversity), 
human resources (skills, technology and labour) and economic resources (capital, market access 
and infrastructure). This approach is in line with the Triple Bottom Line approach of sustainable 
development 
Risk assessments (see figure 2.12 below) and environmental impact assessments (EIA‘s) 
sometimes seen as a possible barrier to development but it is a fundamental part of South African 
regulating policy that maintains and regulates the sustainability of our environment. 
Environmental assessments are just one part of the Triple Bottom Line approach as required for 
the integration of ecological, social and the ability to achieve factors that determines the overall 
sustainability of projects. It is  Using simple tools to assess risks and challenges will enable 
developers to avert risks through design and decision making (Salie, 2011). Stated by the new 
NEMBA and AIS regulation it requires EIA‘s which is determined by the extent of the risk if 
written proof of exemption can be received only a risk assessment is needed (see figure 2.12) 
followed by an Environmental Management Programme (EMP) (Department of Agriculture 
Forestry & Fisheries, 2013). The National Environmental Management: Biodiversity Act  states 
that for aquaculture projects to receive permits essential steps is to be taken to minimize risk to 
biodiversity and to reduce the impact on the environment (Department of Water and 
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Environmental Affairs, 2013). According Leung et al. (2002) preventative measures are the most 
effective way of control. 
 
Figure 2.12: Risk assessment and management toolbox for Aquaculture systems (Salie, 2011) 
 
Freshwater fish like the tilapia can be produced in seasonal pond culture, seasonal cage culture in 
dams or rivers, or in intensive RAS systems in tanks and raceways. Tilapia is mainly restricted to 
seasonal open pond farming due to the climate restriction (Fisheries Branch Of The Department 
Of Agriculture Forestry and Fisheries, 2013). RAS systems which is more expensive due to 
additional infrastructure can be more productive in the South African environment because and 
year round production and compliance with legislation. The Department of Environmental 
Affairs (DEA) & Development Planning guidelines encourages the use of closed recirculation 
facilities which treat and recycle water to prevent  biosecurity risks like the discharge of waste 
and problematic organisms into the external environment (Hinrichsen, 2007). 
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It can be argued that innovative approaches to aquaculture such as the use of closed RAS 
systems can be considered in line with legislation and sustainable environmental measures in 
which it addresses many issues identified such as biosecurity, resource use efficiency and waste 
water recycling. RAS systems and alternative methods require to be further researched to 
identify the benefits it holds for a sustainable aquaculture industry. 
2.3.7 An Alternative Approach to Aquaculture 
Fishing activities, be it from rivers, dams, or oceans, have been a major source of food, 
employment and other economic activities since ancient times.  By gaining knowledge of the 
complex science of fish and understanding the dynamic environment of fisheries and 
aquaculture, humanity have learned that fish resources although renewable, are not infinite as is 
the case in many over-exploited capture fisheries in the world. Aquaculture thus have to play a 
role to alleviate the pressure on capture fisheries and require sound management for it to 
sustainably supply the world with economic, social and nutritional well-being (FAO, 2010). 
Profitability remains the prime motive for aquaculture ventures thus a business friendly approach 
and supportive policies by government will greatly benefit aquaculture development. The social 
licence of aquaculture entails considering the wider society‘s acceptance of the aquaculture 
development as well as the impact it has on the community. Environmental integrity is 
determined by mitigating the possible negative impacts the aquaculture development has on the 
environment so that the farmer and later generations can continue with the same activities on the 
specific site over a long period of time. The growing trend of consumer choice also influences 
the farmers to supply ethical and sustainable farmed products (FAO, 2014). 
The triple bottom line of sustainable development is recognized as the principle goal for 
sustainable aquaculture governance (Hinrichsen, 2007; Khan et al., 2009; FAO, 2014). For 
sustainable development of aquaculture it needs to entail economic viability, social 
responsibility, environmental integrity as well as realistic technical feasibility. 
The lack of adequate freshwater resources, suitable space for aquaculture, and concerns over 
pollution are considered key drivers for recirculating aquaculture as these obstacles restrict the 
development of conventional flow-through systems and cage culture farming (Mathias, Charles 
& Baotong, 1998; Badiola, Mendiola & Bostock, 2012). 
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Salie (2011), argues that untreated aquaculture effluent can cause harmful environmental 
problems like sedimentation and algae blooms. Using chemicals such as antibiotics and 
pesticides may lead to a loss in flora or fauna downstream. Escaped organisms may pose a threat 
to biodiversity of fauna and flora.   
The proposed methods to reduce the environmental effects of aquaculture effluent: 
 Sound management practices such as feeding, disease control; 
 Better area selection; 
 Sediment collection; 
 Collection of dead fish; 
 Recirculating systems. 
 Improved biosecurity. 
 Integrated/poly-culture (the culture of five or more species of fish in the same pond, to 
create an integrated symbiotic environment of increased production (Mathias, Charles & 
Baotong, 1998). 
The FAO Fisheries Glossary (Crespi, 2008:119) defines integrated farming as: ―an input from 
one subsystem in an integrated farming system, which otherwise may have been wasted becomes 
an input to another subsystem resulting in a greater efficiency of output of desired products from 
the land/water area under a farmer‘s control.‖ Integrated aquaculture is thereby defined as, ―an 
aquaculture system sharing resources – water, feeds, management, etc., with other activities; 
commonly agricultural, agro-industrial, and infrastructural.‖ Polyculture is defined as ―the 
rearing of two or more non-competitive species in the same culture unit (Crespi, 2008:18;238).‖ 
Integrating aquaculture is a great way to deal with external and internal issues. It offers 
advantages that help control environmental quality on land and water bodies and it helps with the 
functions of bio security measures. For centuries rice farmers in Asia have benefited from 
integrated agriculture-aquaculture. Where they would have only been supplied with rice, by 
integrating and providing an environment for aquatic animals they are additionally supplied with 
protein and other nutrients for a balanced diet (Mathias, Charles & Baotong, 1998; FAO, 2010).  
Mathias, Charles & Baotong, (1998) acknowledges that food security implies that food be 
produced at an affordable rate for the poor of society. The authors argue that integrated farming 
makes it possible for small farmers to produce inexpensive fish and crops. 
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Conventional aquaculture development often affects other socio economic human activities like 
agriculture, urbanization, industry, as well as fisheries. To reduce the effects that individual 
activities have on the environment, some activities can be integrated with others. This can be 
done where activities share similar resource flows or when activities find mutual benefits in each 
other‘s processes. Integrating water bodies of different aquatic activities can be done to achieve a 
beneficial balance that reduces the pressure on the environment as well as increasing the 
resource efficiency of the activity (FAO, 2010). 
It is recommended that aquaculture effluent be treated by using: 
 System integration and water recycling technology; 
 Site rotation for cage farming; 
 Use of ―green infrastructure and design‖; 
 More efficient use of input resources; 
 Improved management techniques 
Integrated aquaculture is considered an effective way to mitigate environmental challenges. In 
Asia many rice and freshwater fish farmers have adopted integrated multi-culture and partitioned 
aquaculture systems to increase their resource use efficiency and reduce their impact on the 
environment. Although integrated aquaculture is mainly seen as a mitigation approach to manage 
excess nutrient rich effluent and organic matter, methods like integrated multitrophic
7
 
aquaculture (IMTA) proves to be very productive (FAO, 2010).  
An IMTA project in Canada have been studying the multitrophic Atlantic salmon cage farming 
that is integrated with Kelp and mussel culture. It was found that there was about a 50% increase 
in the growth rate of the kelp and mussels that were placed near the salmon cages, this is due to 
the nutrient availability that are supplied by the salmon waste (FAO, 2010). This integrated 
aquaculture method works efficiently because mussels (classified as bivalves/shellfish) are 
biofilters and consume particulate waste from salmon, and the kelp consume the left over 
dissolved nitrogenous waste. 
2.3.8 Aquaponic farming 
Aquaponic farming is the combined culture of fish and plants in recirculating systems, where 
both organisms are co-dependent on each other. Aquaponic systems are integrated aquaculture 
                                                 
7
 Across species with different feeding levels and characteristics but of same food chain 
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systems that recirculate water and produce plants without soil (hydroponics) (Rakocy, Masser & 
Losordo, 2006). The link from aquaculture to hydroponics are found in the nutrient requirements 
of hydroponics which in conventional hydroponic systems use chemical fertilizers but in 
aquaponic systems obtains nutrients from the nutrient rich water of aquaculture waste water 
(Childress, 2002).  
Aquaculture effluent contains 10 of the 13 required nutrients in adequate quantities that plants 
require to grow, Ca, K, and Fe are the only nutrients that need to be additionally supplemented 
(Rakocy et al., 2004). The amount nutrients supplied by the fish are directly related to the 
amount fish eat as it is their waste and thus the fish feeding ratio determines the amount of plants 
that can be grown (Rakocy, 2007; Lennard, 2012).  In itself aquaponic systems without 
additional (Ca,K,Fe) supplementation are able to support healthy growth of leafy plants such as 
lettuce, spinach, and basil as the main requirement for them are nitrogenous (NO3) which are the 
main supplied nutrient of aquaculture effluent, (this is the reason why leafy plants were selected 
for the WAF) (Kempen, 2012). Fish fed a normal diet will produce a continuous supply of 
nutrients to supply leafy plants to grow optimally and the plants will prevent any nutrient build 
up by taking up nutrients for growth and in return this reduces polluting discharge into the 
environment (Rakocy et al., 2004). 
Aquaculture produces a build-up of toxic waste which is broken down through a biofiltration 
process to non-toxic soluble nutrients; these soluble nutrients are used by plants for growth and 
development. The water that reaches the end cycle has been cleaned and is then pumped back to 
the fish tanks (see figure 2.13). A well balanced and managed aquaponic system will enable no 
excess nutrient build-up in the water (Blidariu & Grozea, 2011).  
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Figure 2.13: Nitrogen cycle and water filtration in Aquaponic systems. 
A study by Moore, (2014) found that aquaponics is a very water efficient method to produce 
protein producing 0.050g of protein per litre water used which is more effective than that 
compared to produce vegetables (see figure 2.14 below).  
 
Figure 2.14: Water use efficiency per producer of protein, (Moore, 2014). 
In South Africa which is a relatively water scarce country the water use efficiency in the 
agricultural sector will play a crucial role for sustainability as agriculture consumes 62% of the 
Stellenbosch University  https://scholar.sun.ac.za
  
48 | P a g e  
 
national allocation of water (Department of Water Affairs and Forestry, 2010). Aquaponics can 
be viewed as a food producing technology which is highly resource efficient to produce high 
quality nutritious food in areas with water scarcity. 
Aquaponics, if properly managed, can produce large quantities of fish and plants and can treat 
toxic effluent very efficiently (Rakocy, Losordo & Masser, 1992). Dissolved nutrient rich (toxic) 
waste produced by cultured fish is treated by bacteria and nitrification of a biofilter which 
transforms toxic waste into soluble nutrients required by the plants. Furthermore the plant‘s root 
zone plays an important role in improving the water quality by nutrient removal as it is required 
for growth see figure 2.13 (El-Sayed, 2006). 
The only waste product that aquaponic systems have is when particulate waste and nontoxic 
nutrients accumulate which can be filtered out, removed and used for tertiary crop production as 
composting or as high quality irrigation water. There is a potential to incorporate freshwater 
bivalves and bottom feeder aquaculture species to remove particulate waste to further increase 
production and reduce the environmental impact. 
 Research carried out by Dr James Rakocy at the University of the Virgin Islands on 
understanding and improving aquaponic systems highlighted that the research and development 
done plays a major role in the success of many aquaponic systems worldwide (El-Sayed, 2006). 
In the past two decades interest in aquaponics has gained tremendous momentum as the internet 
made it possible for information to be accessed widely. Schools in the US have included 
aquaponics in their science curricula, many aquaponic suppliers and support structures have 
sprung up, research projects and short courses have been introduced by Universities, small back 
yard systems have been widely built and a number of large commercial operations have been 
developed (Rakocy, Masser & Losordo, 2006). 
Tilapia especially the Nile tilapia specie is considered to be a good fish of choice for aquaponics 
because it is a marketable fish, it is fast growing, it produces high levels of ammonia required for 
nutrient supply for plant production and the specie is resistant to stress in comparison to most 
fish species (Mathias, Charles & Baotong, 1998; Childress, 2002; El-Sayed, 2006; Rana, 2011; 
Rosenthal, 2011).  
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2.4 Conclusion 
Land, food and water resources are identified as become increasingly important under increased 
population growth. It is realized that the issue is going to become an increasing urban challenge.  
People remain malnourished although there is enough food available, this call for more nutritious 
food to be produced and given access to people. 
Fish is identified as an extremely healthy food source which has the potential to provide a well-
balanced diet. It is recommended to consume a variety of marine and freshwater fish food good 
health. Aquaculture is identified as a sector which is very highly undeveloped in South Africa 
with a large potential to contribute to food security, job creation and economic development. 
It is argued that aquaculture development has entered the fourth era of development as that there 
is an enormous amount of energy put behind aquaculture development in South Africa backed by 
government.  The South African government has promulgated new regulations which allow for 
the introduction of exotic commercial fish species under regulatory measures which do support 
the biodiversity protection of local environment. 
The Nile tilapia fish species is a good candidate commercial fish for South Africa with beneficial 
physical characteristics for farming in South Africa. The challenging factors that restrict 
aquaculture development are predominantly land and water availability, the lack of human 
capital, unsuitable climate and biodiversity protection measures. 
It is identified by approaching resources in an integrated fashion, such as a triple bottom line 
approach, aquaculture development have a higher chance to be successful. Integrated aquaculture 
and RAS are methods which have this approach which are argued to be a good approach to 
aquaculture development. 
Aquaponics is the integration of aquaculture and hydroponics which is a highly resource efficient 
method to integrate food production and waste systems. It is argued that aquaponics will prove to 
be a good alternative to South African aquaculture development as it deals with several resource 
challenges and complies with new regulations.  
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Chapter 3 –Proposed approach to Integrate Aquaculture and Crop 
Production 
3.1 Introduction 
This chapter will review and discuss the literature and aspects of how to integrate aquaculture 
and hydroponics through understanding the fundamental aspects of both technologies. This will 
be done through the approach of breaking down the sub-sectors of how aquaculture and 
hydroponics individually functions and finding the links to integrate the technologies. 
Understanding the discussed sectors will enable a better understanding of the overall 
performance of aquaponic farming. 
As discussed in the prior chapters, the development of aquaculture holds great capacity to 
supplying high quality food to our people, employ workers and to improve the economy. 
Because of the scientific nature of aquaculture and hydroponic farming a high level of 
management expertise is required to sustainably manage the integration of these technologies. 
Capacity building and knowledge is thus required to understand each management practices. 
To successfully manage aquaponic systems it is advisable to optimally manage both hydroponic 
and aquaculture processes according to standard production techniques. 
 
It can be argued that a common issue aquaponic farmers encounter is that they have a primary 
production focus incorporated in their management, design and inputs of their systems, in other 
words they focus on producing plants disregarding the optimal conditions required for rearing 
fish or vice versa. The approach towards aquaponics has to be a bilateral focus to produce both 
plants and fish in optimal conditions.  
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3.2 Methodology 
For the case study discussed in chapter 3 and 4 I consulted the literature from classwork and 
extended research on aquaculture and hydroponic greenhouse production and management 
techniques and used the WAF as experimental case study. The theoretical research and 
classwork enabled me to gain knowledge to put together chapter 3 which is aimed to deliver a 
management approach to aquaponics through recommended management techniques of 
aquaculture and hydroponic greenhouse production and management. Chapter 3 was done prior 
to chapter 4 to provide the theoretical background needed to understand chapter 4.Chapter 4 was 
a physical case study conducted to determine a recommended approach to aquaponics 
management and design principles. Most of the design data used to design the WAF was derived 
from work done by Dr James Rakocy and Dr Wilson Lennard from the University of the Virgin 
Islands, Dr Jason Licamele from the University of Arizona, and Philippe Lapere from the 
University of Stellenbosch (Rakocy, Masser & Losordo, 2006; Licamele, 2009; Lapere, 2010; 
Rakocy & Lennard, 2013).  
 
 The WAF is comprised of three individual +- 10 000L aquaponics circuits which contain fish 
and plants. The fish are reared in tanks and the plants are grown in rectangular grow beds inside 
the greenhouse. The plants grow from the nutrients supplied by the fish.  
 
The approach of this case study was not to measure input costs, marketability or to produce 
optimum fish or plants but to feed only the fish and maintain a basic 2% of bodyweight optimum 
fish diet and grow a selection of crops and herbs from the nutrients provided from the fish. This 
was due because the focus was on the system components, management principles and the 
concept development itself. One of the focus points was to participate in the daily management 
of an aquaponics system and observe the outcomes and performance of: 
 
 The system design as a whole; 
 Fresh produce quality; 
 Fish behaviour; 
 The different growing mediums; 
  
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This approach gave me a bigger insight on how the various components of the system 
functioned. Studying the design, construction, challenges and behaviour of a system like this was 
needed to add to the learning process and add to the recommended uses described in chapter 3 
and 4. 
3.3 Aquaculture Management 
3.3.1 Basic Aquaculture Production Techniques 
Physiological and biological needs 
To be able to understand aquaculture the basic physiology and biological requirements of the 
fish needs to be understood. In order to maintain healthy and productive fish in a system an 
optimal environment for the fish has to support its physiological and biological requirements. 
As it is with any successful farming sector the farmer aims to produce the best quality product 
possible, to produce high quality aquaculture products a fish farmer has to full know the external 
and internal anatomy of the fish and know what signs to look for when a fish is sick or behaving 
unusually (see figure 3.1,and 3.2). The nature of aquaculture is that fish are living in water; the 
water environment poses unique challenges to the anatomy and biology of fish other than that of 
terrestrial beings.  
 
 
Figure 3.1: The external anatomy of a trout (Brink, 2011). 
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Figure 3.2: The external anatomy of a trout (Brink, 2011). 
 
 
A fish has to deal with 4 challenges namely: 
 Ensuring mobility in a water environment which are 800 times denser than that or air; 
 Facilitating osmoregulation and management of bodily functions in fluctuating chemical 
environments; 
 Enabling respiration in an environment which have far less oxygen than that on land; 
 Maintaining and regulating thermal regulation and maintenance of bodily functions 
(Brink, 2011). 
 
If the above named challenges could be reduced and be provided to the requirements of the 
specific fish the fish would thrive. There are also factors that influence a fish‘s growth ability 
namely the fish‘s: 
 Age (younger fish have a faster growth rate and slows down as the fish matures) 
 Genetic factors (some genetic strands are more superior in terms of growth performance); 
 The external seasonal and temperature factors; 
 And other internal biotic factors such as competition, hormones, and induced stress 
(Brink, 2011; De Wet, 2011). 
To enable a fish to grow and maintain a healthy condition the above factors needs to be managed 
and understood. The farmer also has to know that the fish require different diets though their 
growth cycle. The nutrient content varies according to different fish growth stages. Smaller fish 
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usually require higher protein content than that of mature fish. A farmer should do research and 
purchase the required feed. 
 
One of the primary requirements to sustain energy for the life of a fish is the supply of and 
management of oxygen. The oxygen use efficiency is determined by the ability to effectively 
obtain oxygen from an external environment and to disperse it into bodily tissue (Brink, 2011). 
 
The oxygen consumption of fish which determines the dissolved oxygen levels of the water and 
indirectly the carrying capacity of fish is influenced by its metabolic factors such as: 
 Water temperature, higher water temperatures lower oxygen saturation capacity; 
 Age, Oxygen consumption increases as the fish ages but decreases once maturity is 
reached. 
 Activity levels, the fish‘s oxygen consumption is directly influenced by its activity levels; 
 Size, larger fish require more oxygen; 
 Nutrition, feeding fish increases metabolic activity which increases oxygen consumption 
 Reproductive rate, oxygen requirements increase as fish enters reproductive processes. 
 Blood pH, a lower pH reduces the oxygen carrying capacity of red blood cells; 
 Blood CO2, a higher concentration of CO2 levels reduces the ability to absorb oxygen into 
the red blood cells (Brink, 2011; Salie, 2011). 
Nutrition and digestive system 
Aquaculture feed remains the ‗holy grail‘ to profitability and sustainability of aquaculture 
projects as it makes up the majority of farming input production costs (De Wet, 2011). It is 
recommended that farms secure trustworthy local feeds or manufacture their own (Mathias, 
Charles, Boatong , 1998; Mapfumo, 2014). 
 
As with all other animals, fish primarily eat to satisfy their energy requirements. They require 
nutrition for growth, maintenance and reproductive processes. Fish feed accounts for the largest 
input production cost in an aquaculture system. Feed could account for between 40-60% of total 
operational expenses. The efficiency of feeding is therefore a critical factor to the profitability 
and sustainability of an aquaculture enterprise. 
 
Fish can be fed through manual hand feeding, automatic feeders or demand feeders. Feeding 
should be performed at optimal levels for fish to reach its genetic growth potential; underfeeding 
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would lead to loss of potential, stress and disease and over feeding would lead to wasted and 
poorly utilized feed resources as well as water quality issues. Overfeeding could also result in a: 
Drop in dissolved oxygen levels which is caused by the high metabolism rate of the fish 
and the decaying organic matter of leftover feed; secondly overfeeding could also result 
in a rise of CO2 and dissolved nutrient compounds. And finally it could reduce water 
visibility through a rise in dissolved solids and total suspended solids. 
 
Water quality levels needs to remain optimum for fish see their food (that determines steady fish 
growth) and to enable healthy osmoregulation. To clean water requires a constant flow of fresh 
water which are not always available or the most sustainable method, or water can be 
recirculated and filtered with a well-functioning biofilter which enables the breakdown of toxic 
nutrients to nutrient that are able to be utilized for irrigation or in aquaponic systems which is 
thus very beneficial and efficient to manage water quality and to utilize nutrients, producing two 
products with the same inputs. 
 
Fish feed needs to conform to the dietary, nutritional requirements of a fish as well as support the 
physiological aspects and feeding habits of a fish. It is important to understand the feeding habits 
of fish for good management and proper feeding. Feeding habits are classified according to the 
species: Predators, Grazers, strainers, parasites and suckers (De Wet, 2011).  
 
Fish have different energy requirements which should be maintained at optimum levels to 
develop efficiently. Factors that influence the energy requirements are: 
 Water temperature; 
 Water flow rate; 
 Water quality; 
 Feeding level; 
 Physical size of fish; 
 Light exposure; 
 Physiological status of fish; 
 Stress levels experienced by fish; 
 Dissolved oxygen levels in water. 
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The efficiency of fish feed can be determined by calculating the feed conversion ratio
8
 
(FCR) (De Wet, 2011): 
 
 
To understand the feeding behaviour a farmer can analyse and improve each step of the feeding 
process to ensure optimal feeding for growth takes place see figure 3.3.  
 
The feeding cycle starts with stimulating the appetite of a fish. A farmer aims to provide an 
environment for their fish which is near ideal for the fish to have a healthy appetite to grow and 
develop as fast as possible.  
 
A fish‘s appetite is influenced by: 
 The oxygen availability in the water; 
 The water temperature; 
 The ammonia levels in the water; 
 The amount of competition for food between other fish; 
 The amount of stress the fish experience (De Wet, 2011; Salie, 2011; Stander, 2014). 
 
The hunger stimulus will enable a fish to eat, as it is controlled the appetite (see figure 3.3). Feed 
identification is important, a farmer needs to understand and take into account what chemical and 
physical traits the fish feed has and what works best for the fish. Feed can be manipulated by 
enabling them to float or sink, giving them a specific taste, colour, and contrast. The physical 
size and form of the feed particle is also important. The recommended fish feed is a pellet that is 
a one quarter the size of their mouth size. Feed that is too big for fish to swallow will be wasted 
or leach nutrients as it lies uneaten causing water quality degradation. 
                                                 
8
 It is s a measure of an animal's efficiency in converting feed mass into increases of the desired 
output. 
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Figure 3.3: Summary of the feeding response cycle (De Wet, 2011). 
 
The fish can either eat or reject feed (after making an effort to taste or bite the feed) which will 
indicate a problem with the feed itself. A good farmer needs to monitor the feeding behaviour of 
his fish and ensure that the fish are well conditioned to proper feed. 
 
When the fish has satisfied its energy requirements it will stop feeding. This is the appetite which 
is regulated by the stomach; the expanding and emptying of the stomach and the other appetite 
factors will control the feeding ability of fish. 
Osmoregulation 
Freshwater fish get rid of minerals and pass water through their gills (located under the 
operculum in figure 3.1). The fish has to regulate its internal mineral content for balance called 
homeostasis
9
.  The fish excretes waste which is mainly nitrogenous in the form of ammonia; 
ammonia has to be excreted regularly as a build-up can be toxic to fish.  The bulk of nitrogenous 
waste pass through the gills, only 2-25% of the waste passes through the urinary tract. 
Stress Management 
Fish stress is usually induced by its environment and can be caused from natural or man induced 
events, they influence the behaviour, the disease susceptibility of fish and are usually a primary 
cause of fish fatalities. 
 
Stress can be managed by controlling stress causing factors like:  
 Rapidly fluctuating water temperatures. Temperature is important as it has an effect on 
the amount of oxygen that can be carried by water. Temperature also has a direct 
                                                 
9
 The tendency towards a relative stable equilibrium between independent elements, especially as maintained by 
physiological processes. 
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influence on the metabolism of a fish, for the fish to achieve the maximum FCR and 
growth the temperature should be in the required temperature. 
 Rapidly fluctuating dissolved oxygen and pH levels 
 An increase in chemical substances in the water such as Copper, NH3, H2S and CO2 
 A TDS and/or TSS in the water that are too high (0-80 mg/l for inorganic material and 0-
30mg/l for organic material) for fish to see food, thus leading to inefficient eating, 
changed behavioural interacting with other fish and physical irritation that could lead to 
disease (De Wet, 2011; Salie, 2011).  
 High stocking density; this varies from specie to specie. The primary problem of a high 
stocking density is oxygen shortage in water. Stocking density can be increased by 
increasing the dissolved oxygen in the water. 
 Bad feeding management; fish feed on the basis of meeting energy demands. Energy 
makes all life and development possible thus it is important to maintain healthy energy 
levels in farmed fish. The fish‘s appetite is controlled by factors namely: oxygen and 
temperature, ammonia levels, physical handling and competition amongst fish. It is 
important to maintain the required environment for the fish to enable it to maximize feed 
consumption, growth and efficient feed conversion (De Wet, 2011). 
 Inadequate water flow and circulation. Because fish vary from species they have adapted 
to different environments and thus they also require unique environments. Water flow 
provides a fresh supply of oxygen and food which the fish needs for to support living 
functions. However if the water flow is too high the fish have to put much effort and 
energy into swimming and against the current which can stress the fish lead to secondary 
problems like slow growth and disease. 
 Hierarchical structure in the water. Fish doesn‘t always grow on the same rate and are not 
always the same size. Bigger and more aggressive fish tend to dominate smaller fish in 
terms of access to food and reproduction. Fish need to be graded to size regularly to 
maintain fish that are not more than 1.5 times the size of other fish (De Wet, 2011).    
 Fright and noise from farmer or farming environment. Fish require an environment which 
resembles their natural habitat. Their environment at the farm requires not to be stressed 
by loud noises or external factors which may stress the fish into hiding or no feeding. 
 Predators; often cormorants, otters, birds of prey and even poachers is usually associated 
with noise and frightening experience for fish which can cause stress to fish. A farmer is 
thus required to prevent predators from accessing the fish. 
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3.4 Water Management 
3.4.1 Aquaculture Production Systems 
 
According to the Aquaculture Division, (2007) and Lekang (2007) fish are usually bred in three 
types of production systems namely: 
 Extensive production systems, it is characterized by often being informal low stocking 
density systems. Most extensive systems are usually cheap earthen ponds. Fish usually 
feed on natural organisms or organisms which are developed by spreading organic matter 
such as manure and inorganic fertilizers on dams to enrich the water. 
 
 Semi intensive production systems are systems which depend on the natural productivity 
of ponds. It has higher stocking densities and is fed artificial diets as food supplement.  
 
 Intensive production systems usually have high stocking densities and it monitors and 
administers a balanced feed. The focus is on production and the system is efficiently 
used. Examples are, tank culture, floating cage systems, linear race ways and intensive 
dam culture. 
 
According to Lekang,  (2007) an aquaculture farm‘s technical components can be separated as 
follow:  
 Production Units 
 Water treatment and transfer units 
 And additional equipment for monitoring, feeding and handling fish. 
 
An aquaponics system has similar components to that of aquaculture systems but recirculating 
water and including a hydroponic grow component calls for a design which facilitates both 
aquaculture and hydroponic needs. This is illustrated by Rakocy, et al. (2006), the essential 
elements of an aquaponic system are (see figure 3.4): 
 Fish rearing tank 
 Solid waste removal component 
 Biofiltration component 
 Hydroponic component 
 Sump or water holding component. 
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Figure 3.4: Components of an aquaponic system (Rakocy et. al., 2006) 
 
Water temperature 
The water temperature is the first aspect to consider determining which fish species you can farm 
with. Freshwater fish is classified into 3 thermal groups namely: 
 
 Cold-water species: (4-18°C) 
 Warm-water species: (4-25°C) 
 Tropical-water species: (25-35°C) 
A farmer should know what temperature characteristics his fish has and should keep the water at 
optimal levels to maintain good FCR and healthy fish. As illustrated in figure 3.5 it show that if 
fish are exposed to water temperature outside its preferred range its growth will decline and it 
will eventually die. 
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Figure 3.5: The relationship between fish growth and temperature (Salie 2011) 
 
Aquaculture Tanks 
Aquaculture tank characteristics should be based on effective water exchange, cost efficiency, 
self-cleaning ability, durability, and have a smooth surface (Aquaculture Division, 2007). 
 
Water that enters the tank should flow the longest possible route before it exits the tank as to 
provide efficient water exchange. Dead zones are areas in water tanks which are not exchanged 
with new water; this creates anaerobic waste accumulation zones which is a risk to the well-
being of the fish as well as fish will not swim in those areas thus reducing the operational size of 
the tank (Aquaculture Division, 2007; Lekang, 2007) 
 
It is recommended to have tanks which have no dead zones to maximize efficiency and enable it 
to clean itself (see figure 3.6). The water inlets should also be located and orientated to enable a 
circular flow. 
 
Circular tanks provide the most efficient use of construction material as pressure is equally 
spread among the circumference of the tank which requires thinner walls (Lekang, 2007). It is 
also self-cleaning and distributes water throughout the entire tank. 
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Tanks do not necessarily require sloped bottoms to drain efficiently; if the right water flow is 
managed the tank will clean itself. The hydraulic force has a greater force in solid particles than 
what gravity does (Lekang, 2007). 
 
Figure 3.6: Water circulation in a square and circular tank (Lekang, 2007). 
 
Correct design for water outlets is important for efficient self-cleaning and water exchange. 
Using a central standpipe ‗tower outlet‘ as water outlet and designing it to be able to shock drain 
a fish tank would be beneficial to clean the tank of settled solids that are difficult to remove by 
normal hydraulic flow (Lekang, 2007). The shock drain principle works by dropping the pipe 
externally that controls the water level see figure 3.7 below. Outflow pipes should have as little 
as possible bends and elbows and should enable solids to be removed without breaking them up 
through turbulence. 
 
Figure 3.7: Side view of water tanks illustrating external level control draining (Lekang, 2007:170) 
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Waste Separators 
 
The accumulation of organic and inorganic matter from aquaculture farms is a normal waste 
product which should be managed to prevent environmental degradation. Aquaculture farms 
have several methods namely: Mechanical or membrane filtration. 
The system I am reviewing at WAF uses a mechanical filtration system, although recognizing 
other systems; for the purpose of this study I will only discuss mechanical filtration here. 
 
Waste separation is done differently according to the type and size aquaculture system you have. 
The basic gravitational separators that are used are: 
 Colonization dams or settling basins, which are used in dams and large aquaculture 
farms; 
 Integrated treatment systems such as artificial wetlands; 
 Swirl separators and Hydrocyclones, which are induced gravitational colonization 
systems (see figure 3.8 below). 
 
Figure 3.8: Hydroclone- swirl separator (Lekang, 2007) 
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A swirl separator or hydrocyclone enables particles which are denser than water to fall and 
collect at the bottom of the tank, the centrifugal force presses down in addition to increase the 
downward pressure of the particles. The swirl separators are simple in design and are generally 
self-cleaning; the disadvantage is that this system requires uniform water flow to achieve 
optimum efficiency (Lekang, 2007). 
Aeration 
In aquaculture oxygen plays an important role in the production of fish but it is important to 
understand that its availability as dissolved oxygen is a function of temperature, in which cooler 
temperature have higher dissolved oxygen 
 
Dissolved oxygen should be measured 3 times a day and be recorded for record keeping and 
measurement. 
The amount of dissolved oxygen is determined by; 
 Water temperature; 
 Volume and quality of water; 
 Fish activity; 
 Fish size (Salie, 2011). 
 
When water quality is deprived of dissolved oxygen fish will demonstrate unusual behaviour 
such as: 
 Increased ventilation and gasping for air at the water surface; 
 Loss of appetite; 
 Passive behaviour; 
 Colour change. 
 
A constant supply of dissolved oxygen is important in intensive aquaculture systems. Open dam 
extensive systems are supplied by diffused oxygen and phytoplankton and do not require 
additional oxygen input unless the stocking density is very high. 
Oxygen can be supplied by: 
 Diffused air aerators (air pump, see figure 3.9), such as compressors and blowers; 
 Paddle wheel aerators; 
 Vertical pump aerators; 
 Propeller – aspirator pump aerators; 
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 Pump spray aerators; 
WAF used diffused air aerators both compressors and blowers as the fish containers were small 
and compact. Other aeration options were not viable because they were too big. 
 
Figure 3.9: Paddle wheel, propeller and air pump aeration methods (Lekang, 2007). 
 
Plumbing 
The veins that keep an aquaculture system running are its water transport network. Every 
aquaculture system requires water to be transported at different rates depending on the size of the 
system, the fish species and the design. It is important to understand basic principles of 
hydrodynamics and how to repair systems should a leak or pipe break. Correct design is very 
important to avoid unnecessary costs and possible fish losses on a later stage.  
 
Water can be transported through channels or pipes. Channels are open non pressurized transport 
and pipes can flow constantly under pressure. Channels provide simplicity as the flow can be 
easily managed and visually monitored. The disadvantages are that channels require a constant 
slope to transport water. Pipes provide efficient and accurate water transport and are usually 
made from weld able polyethylene or glue able polyvinyl chloride; PVC. It is important to use 
standardized pipes to ease maintenance and to create simplicity (Lekang, 2007).  
 
It is important to use large enough pipe diameters and have minimal bends to avoid water 
hammer (the rush and sudden pressure surge in pipes when water have to stop or change 
direction) and clogging nutrient build up. Water inlet and outlet levels and velocities should be 
able to be controlled at all times to allow for maintenance, proper flow rate and balance 
(Aquaculture Division, 2007) 
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Pipes should have valves between each section to enable the isolation of certain elements of the 
system for repairs or containment. A union joint (joint between pipes by means of a union) is 
recommended as it is easy to separate in case a system needs to be repaired or dis assembled. 
Biofiltration 
The difference between biological, chemical and mechanical filtration is that with biological 
filtration the toxic substances in the water neutralized naturally whereby the chemical and 
mechanical filtration physically removes the substances. Biological filtration or biofilters is very 
effective in dealing with nitrogenous waste compounds like ammonia produced by bacteria 
which feeds on uneaten feed, dead fish and faeces as well as by fish which excretes ammonia 
during respiration which is toxic (Salie, 2011). 
 
The biofilter consists of beneficial bacterial growth which breaks down ammonia to nitrate. The 
bacteria originates at the surface of the biofilter and with the help of aeration (aerobic conditions) 
will spread to the media layers which is placed I the biofilter to enhance bacterial growth. The 
biofilter is considered as being the most difficult device to manage in RAS systems (Badiola, 
Mendiola & Bostock, 2012). 
 
Ammonia is broken down in three phases: 
1. Firstly is ammonia is broken down by protonation to an ammonium ion with the help of 
water flow; 
2. Secondly the nitrosomonas bacteria breaks down and transforms ammonium into nitrite; 
3. Thirdly the nitrobacter bacteria transform the nitrite into nitrate (see figures 2.13 and 3.10 
for illustration). 
 
Figure 3.10: Illustration demonstrating the nitrification process in biofilters (Victoria, 2005). 
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Untreated aquaculture waste water could cause serious environmental damage to aquatic life; it 
can be treated through simple biofiltration which can be viewed as the link between an 
aquaculture and hydroponics. The broken down nutrients of aquaculture waste water serves as 
essential nutrients for plant growth. This eliminated the need and additional input of chemical 
fertilizers in hydroponics (Childress, 2002). 
3.5 Hydroponic Greenhouse Production  
3.5.1 Nutrient Solution Management  
 
According to Rakocy et al. (2006) & Kempen (2012) plants do not need soil to grow as it was 
merely a support structure, plants require only 16 essential nutrients (including C,O,H) which 
can be put into three categories: 
 Essential macronutrients: Carbon (C), Oxygen (O) and hydrogen (H), these are supplied 
by water (H2O) and carbon dioxide (CO2) in the air. 
 Primary macronutrients: Nitrogen (N), Phosphorous (P), Potassium (K), Sulphur (S), 
Magnesium (Mg) and Calcium (Ca), these nutrients are supplied in large quantities. 
 Micronutrients: Iron (Fe), manganese (Mn), sink (Zn), chlorine (Cl), Molybdenum (Mo), 
Boron (B), and Copper (Cu), micronutrients are supplied in very small amounts. 
The 16 essential nutrients must be applied according to the specific plant‘s requirements and be 
balanced to enable plants to grow to its optimum genetic ability. Each of the nutrients has 
specific characteristics and functions to produce crops which are strong, healthy, tasty and large. 
See table 3.1 below for high quality irrigation water. 
 
Nutrient deficiencies or excesses can be measured with scientific measuring equipment or it can 
be visually monitored. Nutrients are measured as total dissolved solids (TDS) or in ionized form 
through electrical conductivity (EC). The major ions that are used to transport nutrients are: 
NH4+, K+, Mg++, Ca++ which are the positively charged cations and NO3-, H2PO4-, SO4--, 
which are the negatively charged anions. Together cations and anions should be a balanced total 
which represent the EC (see table 3.2 and 3.3)(Rakocy, et al., 2006). 
 
. The water nutrient levels can be determined by taking samples and testing the EC and pH of the 
water further running a laboratory test to determine the nutrient levels and nutrient deficiencies. 
Afterwards a nutrient solution can be prepared using the Steiner or Hoagland method/ratio to 
match the required nutrient levels for the specific crop. For aquaponic systems the nutrient mix 
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would be a weak solution as it is recirculating the nutrients in a closed system, therefore refer to 
the ratios of table 3.2 and 3.3 (Kempen, 2012). To an experienced eye nutrient deficiencies can 
be determined by examining leaves and fruits of plants.  
 
Macronutrients like K+, and Ca++ is usually insufficient in aquaponic systems and should be 
manually supplied because the biofilters‘ nitrification increases acidity in the water, it is 
recommended to supplement K+ as potassium hydroxide (KOH) and calcium as calcium 
hydroxide (Ca(OH)2) which is both basic compounds which neutralizes the acid build up. 
 
Micronutrients are available to plants as Fe
+2
, Mn
+2
, Cu
+2
,B
+3  and Mo
+6 . Nutrients such as Fe
+2 
are insufficient in aquaponic systems and require to be supplemented generally as chelated Fe
+2
. 
A Fe
+2
 foliar leaf spay could also be used to apply supplemented iron (Rakocy, et al., 2006). 
Generally the point is to enable the plants to extract as much nutrients form the irrigation water 
as possible. The EC of drainage in system should not be more than 50% of the original supplied 
nutrient content, otherwise nutrients are wasted (Kempen, 2014). 
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Characteristics of High-Quality Irrigation Water 
 
 
Characteristics Desired Level Upper Limit 
 
 
Soluble Salts (EC) 0.2 to 0.5 μS/cm 
0.75 μS/cm for plugs; 1.5 
μS/cm for general 
production  
 
 
Soluble Salts (total 
dissolved solids) 
128 to 320 ppm 
480 ppm for plugs; 960 
ppm for general production 
 
 
pH 5.4 to 6.8 7 
 
 
Alkalinity (CaCO3 
equivalent)  
40 to 65 ppm (0.8 to 1.3 
meq/L) 
150 ppm (3 meq/L) 
 
 
Bicarbonates 
40 to 65ppm (0.70 to 1.1 
meq/L) 
122ppm (2 meq/L) 
 
 
Hardness (CACO3 
equivalent) 
<100 ppm (2 meq/L) 150 ppm (3 meq/L) 
 
 
Sodium (Na) <50 ppm (2 meq/L) 69 ppm (3 meq/L) 
 
 
Chloride (Cl) <71 ppm (2 meq/L) 108 ppm (3 meq/L) 
 
 
SAR (Sodium 
Absorption Ratio) 
<4 8 
 
 
Nitrogen (N) <5 ppm (0.36 meq/L) 10 ppm (0.72 meq/L) 
 
 
Nitrate (NO3) <5 ppm (0.08 meq/L) 10 ppm (0.16 meq/L) 
 
 
Ammonium (NH4) <5 ppm (0.28 meq/L) 10 ppm (0.56 meq/L) 
 
 
Prosperous (P) <1 ppm (0.3 meq/L) 5 ppm (1.5 meq/L) 
 
 
Phosphate (H2PO4) <1 ppm (0.01 meq/L) 5 ppm (0.05 meq/L) 
 
 
Potassium (K) <10 ppm (0.26 meq/L) 20 ppm (0.52meq/L) 
 
 
Calcium (Ca) <60 ppm (3 meq/L) 120 ppm (6 meq/L) 
 
 
Sulphate (SO4) <30 ppm (0.63 meq/L) 45 ppm (0.94 meq/L) 
 
 
Magnesium (Mg)  <5ppm (0.42 meq/L) 24 ppm (2 meq/L) 
 
 
Manganese (Mn) <1 ppm  2 ppm 
 
 
Iron (Fe) <1 ppm 5 ppm 
 
 
Boron (B) <0.3 ppm 0.5 ppm 
 
 
Copper (Cu) <0.1 ppm 0.2 ppm 
 
 
Zinc (Zn) <2 ppm 5 ppm 
 
 
Aluminium (Al) <2 ppm 5 ppm 
 
 
Fluoride (F) <1 ppm  1 ppm 
 
        Table 3.1: Characteristics of High quality irrigation water (Whipker, Dole, Gavins, & Gobson, 2003; Kempen, 
2012) 
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Electrical Conductivity (EC) 
The EC of a water solution is an indicator of the mineral/salt content. Charged particles in the 
solution enable conductivity. The higher the EC measurement means there is an increased 
amount of charged ions/ salt content. The standard nutrient solutions require EC values to be 
maintained between 1.5 – 2.5 (Kempen, 2014). It recommended that the EC levels are managed 
according to the specific crop‘s requirement (see table 3.2 below for recommended EC levels for 
specific crops). 
 
Table 3.2: Nutrient solutions for crops grown in open drain to waste systems (Kempen, 2014). 
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Table 3.3: Nutrient solutions for crops grown in closed systems (Kempen, 2012) 
 
Aquaponic systems will generally require lower EC levels because nutrients are constantly 
recycled and produced by fish (see comparison between two nutrient tables 3.2 and 3.3). EC 
levels between 0.3 – 0.6 will produce good results (Rakocy, et al., 2006). 
 
If EC levels build up over 3.5 in a hydroponic system the water should be flushed, more plants 
should be planted or if using an aquaponic system – fish stocking density should be reduced. 
 
Acidity and Alkalinity of water (pH) 
The pH is a figure that expresses the acidity and alkalinity of a water solution. It is very 
important for a farmer to maintain a balanced pH in the water solution. According to Rakocy et 
al.(2006), Maboko, Plooy & Brown, (2007) and Kempen (2012) hydroponic nutrient solution 
should be kept between 5.8-6.5 for optimum growth and nutrient uptake. When pH levels are 
below the recommended levels nutrients like calcium, phosphorous, molybdenum sharply 
decrease. When water become too alkaline above the recommended levels trace metals such as 
copper, zinc, iron and manganese will be less available as it will be less soluble in water and 
precipitate to the water surface (Rakocy, et al., 2006).   
Stellenbosch University  https://scholar.sun.ac.za
  
72 | P a g e  
 
Recirculation of Nutrients 
In normal drain to waste (non-recirculating) hydroponic systems an average of 40% of nutrients 
are leached out because plants don‘t always use the maximum amount available (Kempen, 
2012). Not only is this a waste of valuable nutrients it also causes environmental damage in 
ecosystems as nature cannot handle the excess nutrients available. 
A solution is to recycle nutrients through recirculation which can be done by installing a sump 
dam or tank for containment (see figures 3.4, 0.11 and 0.12 for illustration). The water can thus 
be monitored adjusted and be reused. The only challenges to this are that it is: 
 Cheaper and easier not to recirculate, in terms of equipment costs and management; 
 There is no policy forcing South African farmers to recirculate nutrients,  
 The composition of the recycled water is not the same as the original supply which is 
provides unwanted results and can cause yields to be lower. 
 Management is difficult and expensive as the water requires to be monitored with 
specialized equipment and analysis (Kempen, 2014). 
Dissolved Oxygen (DO) 
Dissolved oxygen is required in the root zone of plants in order for plants to respire and assist 
with nutrient uptake and transport. If DO is insufficient it would cause cell breakdown in roots, 
what is otherwise referred to as root rot (Rakocy, et al., 2006). 
3.5.2 Climate Control 
Climate control is the main function behind controlled environmental farming. Although initially 
a big capital investment, it enables a farmer to avoid the limiting factors associated by seasonal 
change and climatic conditions. 
 
The reason for choosing climate control should be justified purely by cost efficiency and 
functionality. To decide on the appropriate cost effective structure requires a farmer to have 
scientific information and data of crop characteristics and requirements. The local climate 
conditions should also be well known to design the right structure that addresses the 
environmental shortcomings or threats. 
 Firstly a farmer needs to identify the correct controlled climate structure. It is important 
to identify where to grow, which crop to select, for what market to grow and in what time 
frame will be farmed. 
 Secondly a farmer needs to know what the local limiting climatic factors are: light, 
temperature, humidity, carbon dioxide (CO2) or wind.  
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A farmer should be well accustomed to the locality of the project because it determines the 
feasibility of climate controlled structure farming. Geographic locality features the prospective 
farmer should have knowledge of are: 
 The market for your product and easy access to the market; 
 The freshwater quality and supply; 
 Wind (on exposed areas) and frost (low lying areas); 
 Access to the northern slope for maximum sunlight exposure; 
 
Only poor climatic conditions and high value products justify expensive high technology climate 
control structures (Kempen, 2014). 
Light 
The solar radiation spectrum directly determines plant growth and productivity (Gaudreau et al., 
1994). It has specific effects on different plant responses  such as photosynthesis, phototropism, 
and photomorphogenesis (Hogewoning et al., 2010). Plants classify light quality according to 
different wavelengths. The most important wavelengths are the blue, red, far red and infra-red 
light spectrum (Kempen, 2014). This controls the most important functions in plants like node 
lengths, root development, vegetative growth and colour.  
 
The choice of lighting equipment is directly a factor of economic justification. Artificial lighting 
can be expensive but can lead to improved crop production. Traditionally fluorescent lights have 
been used which are energy efficient and produce similar light spectrum as the sun but not as 
high intensity. 
 
The most popular lights that are used are: 
 LED lights, because they are increasingly more affordable, they have a long lifespan, 
they don‘t produce heat, they can be controlled as to produce different light spectrums 
and wavelengths and they are energy efficient (Kempen, 2014). 
Relative humidity 
An ideal humidity level in greenhouses are considered to be between 60-75% (Kempen, 2014). 
Managing humidity in controlled climate structures allows the ability to manipulate irrigation, 
nutrient uptake and productivity of plants.  
 
Low relative humidity levels causes plants to increase transpiration which in effect causes water 
stress in plants and a decreased photosynthetic productivity. Low relative humidity levels also 
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causes increased water transport to fruit and lower nutrients like K, Ca, and Mg in plants causing 
physiological and taste disorders (Chiloane, 2012; TNAU, 2013). 
 
A high relative humidity causes a reduced water transpiration and nutrient uptake in plants. This 
may lead to nutrient deficiencies like plants that have: 
 Light coloured leaves; 
 Soft leaves; 
 Weak growing points; 
This mainly causes plants to have a lower shelf life and that condensation takes place in the 
greenhouse/tunnel which is prone to develop pathogens and disease (Kempen, 2014). 
Temperature control 
Controlled climate structures like greenhouses and tunnels should create an ideal environment 
for specific crops to grow. Although plants have different requirements, it is recommended that 
temperature of crops be: 
 25-28°C on leaf surface temperature; 
 18-28°C roots zone temperature (Rakocy, et al., 2006; Kempen, 2014). 
 
In warm seasons heat should be controlled and prevent a build-up in the structure. 
Heat can be removed through:  
 Natural ventilation; passive ventilation in greenhouse structures. 
 Evaporative cooling; methods such as using wet walls and misters in greenhouses to raise 
relative humidity levels and cool down the temperature. Alternative measures are to 
lower the humidity levels by venting the air with fans or roof top openings, this causes 
plants to transpire and cool down the air temperature. 
 Mechanical cooling. 
 
Alternatively preventative measures can be used to avoid heat build-up. Methods that are used 
work on reflecting and reducing heat build-up. To reflect heat farmers use screens such as white 
plastic or aluminium foil netting. Other netting such as shade or calcium hydroxide paint reduces 
the amount of light entering the greenhouse. The netting also helps by diffusing light in the 
greenhouse to approach the plants‘ leaves from different angles (Kempen, 2014). 
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In colder months greenhouses should plant crops that are in season and can withstand the cold or 
if it‘s a high value crop and the additional cost is justified the greenhouse should be heated. 
 
Heating a greenhouse is firstly done through prevention measures: 
 To prevent air leaks such are open roofs, doors or other gaps; 
 To prevent heat escaping through conductive losses in other words as to minimize roof 
area and to insulate or remove thermal bridges such as metal parts. This has to be 
addressed and avoided before a greenhouse structure is built. 
 Other ways of prevention is to capture infrared radiation by installing specialized netting 
and roof covers to trap infrared in the greenhouse which will heat the interior of the 
greenhouse, 
Direct heating can be done with air heaters, burners or solar heaters channelling water in pipes 
between leaves. 
Carbon Dioxide 
It is little known that carbon dioxide has a greener side to it. For plants thrive under high CO2 
levels as it is plant food and greenhouses all over the world are realizing the benefits of CO2 
supplementation (Stafford, 2007). 
 
CO2 is a limiting factor to plant photosynthesis, which means if the CO2 levels are increased the 
photosynthetic rate will also increase leading to faster growth (Kempen, 2012).  
 
Our atmospheric CO2 levels have increased from 270ppm to about 360 ppm since preindustrial 
times (Schippers et al., 2004). Plants and microscopic algae can help reduce atmospheric CO2 
levels especially in urban areas which have higher CO2 levels. 
 
Greenhouses needs to be constantly vented to allow adequate supply of atmospheric CO2 are 
present. In unventilated greenhouses, enriching the air with CO2 gas to double the atmospheric 
levels or even more can increase leafy plant production between 30-50% (Schippers et al., 2004; 
Rakocy, et al., 2006; Kempen, 2014).  
 
Installing and using CO2 burners or supply can be expensive and using decomposing material 
could pose pathogen risks. Methods of integrating alternative CO2 supplies like aquaculture 
systems to greenhouses may prove effective because according to Rakocy et al. & Salie (2006; 
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2011), CO2 is constantly vented form fish culture water which needs to be removed as it causes 
toxicity to fish and has an impact on pH and ammonia in water. 
 
3.5.3 Structures 
 
Crop climate control structures are the infrastructure that enables farmers to protect plants from 
adverse weather effects and to artificially manipulate and control optimum conditions for crop 
growth.  
 
Crop production structures are divided into greenhouses and tunnels. There are many options to 
choose from which all have unique features. The decision should be based on price and the right 
features like providing the optimum growing conditions for a specific crop at the most cost 
effective price (Kempen, 2014).  
 
Tunnel structures are good for non-trellising crops and lower value crops as it is simple 
structures. Tunnel structures have some slight variations as some like the Haygrove and Spanish 
tunnels can lift up and down which provide good protection against the elements. It is important 
to align these open structures with the predominant wind conditions. Greenhouses and tunnels 
should normally be aligned on its length to face north to get an equal amount of sunlight on all 
plants. 
Greenhouses 
Greenhouses are generally more expensive and are rugged and strong able to withstand high 
wind speeds and is made for higher value crops and crops which requires trellising. 
Greenhouses come in various designs required for different climates. Greenhouses can be 
designed to enable roof opening to release heat in very hot climates and can also be covered with 
more specialized roof covers like polycarbonate. 
Roof covers 
Roof covers are there to enable optimum growing conditions through which sunlight can 
penetrate the plants to enable them to photosynthesize and grow. Roof cover choice is based on 
cost and functionality. 
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General roof cover types are: 
 Plastic; which are economical but effectively lasts only two years, after two years the 
light transmittance is decrease which has an effect on plant growth. Some plastic has 
some special features like anti-drip, anti-dust, anti-UV and far-red limiting properties. 
 Polycarbonate; expensive but lasts up to 10 years and are strong, light and durable with a 
90% light transmittance. 
 Netting; although simple and cheap, netting is useful to lower light intensity during 
warmer months and protects against frost, wind and humidity. 
 Glass; glass maintains uniform state and has a high light transmittance of 93% but it has 
some limiting effects on UV transmittance which causes glasshouse disease in plants 
which required UV light. 
3.5.4 Growing Methods 
Growing medium substrates 
Media based growing systems work very well and are easy to use, it is most popular with 
hobbyists and small producers (Storey, 2014). It is also works very well with growing large 
structure plants. 
 
Growing mediums are classified between organic and inorganic medium substrates. 
Inorganic grow mediums are usually sterilized and easy to control, this include: 
 Vermiculite, which has a high porosity but is not very stable; 
 Sand, which is cheap but have a low porosity; 
 Perlite, which is permeable and stable; 
 Rock wool which is light and permeable but is environmentally unfriendly;  
 LECA; however expensive with a high embedded energy it is light weight, has a high 
permeability and long life span 
 
Organic growing mediums are generally cheaper but are not naturally sterilized, these include: 
 Wood chips, which is fairly abundant and cheap; 
 Peat which has a high water holding capacity but is non-renewable; 
 Coir, which is cheap and stable. 
The main disadvantages of organic medium are that their lifetime is shorter compared to 
inorganic mediums. 
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Solution Culture Methods 
Solution culture methods do not use any solid substrate medium for root support, only structural 
support and a nutrient solution. Solution culture methods are more popular and commercially 
feasible for larger producers (Storey, 2014). According to Rakocy et al. (2006) & Kempen 
(2012) examples of solution culture methods that are often being used in closed systems are: 
 Drip systems, dripping systems constantly drip nutrient solution onto the medium like 
wood chip substrate;  
 Aeroponics, functions by using fine sprayers to spray the root zone with the nutrient 
solution. The root zone and plant area is usually separated by a cover; 
 Nutrient film technique10 (NFT), a method that functions through pumping nutrient 
solution through a horizontal pipe, plants are inserted on the top of the pipes so that the 
root medium gets contact with the nutrients as well as being aerated; 
 Gravel flow technique (GFT), a method similar to ebb and flood systems using gravel. 
 Deep water culture or raft systems are very popular commercial techniques which 
functions as a solid polystyrene raft which floats on aerated nutrient solution water, good 
for tropical and southern hemisphere areas and good for maintaining a constant root  zone 
temperatures; 
 Ebb and flood systems, these systems works on the flood and drain principle in which a 
container with substrate media is flooded and allowed to drain. When draining it allows 
for aeration in the root zone.  
 A capillary mat allows nutrient solutions to be drawn towards plants through a capillary 
force of the surface. 
 Vertical culture methods, it is basically a combination of dripping and NFT systems.  
3.5.5 Sanitation 
The quality of irrigation water is very important in hydroponic systems because of the intensity 
and compactness of the system. Water quality should be regulated according to the needs of the 
plants. In recirculating systems which also applies for aquaculture, pathogens including fungi, 
nematodes and viruses can spread rapidly. 
 
                                                 
10
 NFT is a hydroponic technique wherein a very shallow stream of water containing all the 
dissolved nutrients required for plant growth is re-circulated past the bare roots of plants in a 
watertight gully, also known as channels. 
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Preventative methods are recommended such as a well aerated system, biological control, 
sterilization of equipment, hands and feet (Kempen, 2014). 
It is recommended to use: 
 Chlorine, in hydroponic systems only; 
 Hydrogen peroxide (H2O2) in hydroponic systems only; 
 UV sterilization tubes, energy efficient but require clear water; 
  Ozone, very effective but expensive; 
 Or filtration methods such as slow sand filters or membrane filters to physically remove 
particles. 
 
In aquaponics one has to consider methods that acknowledge aquaculture principles; no chemical 
fungicides, herbicides or pesticides can be used as this will poison fish in the system. Chlorine 
should also be avoided as this would destroy beneficial bacteria in the biofilter.   
3.5.6 Seedling Production 
Growing and supplying your own seedlings is recommended to reduce costs of buying and 
transporting them as well as reducing the risk by introducing pathogens or fungi into your 
greenhouse.  
 
Because controlled environment farming techniques such as hydroponics are well managed and 
have expensive capital inputs, seedling production should be optimised to produce high quality, 
healthy and homogenous seedlings. Several factors should be considered in growing seedlings 
(Kempen, 2012): 
 
 Seeds should be sourced from a trusted source which produce good genetic properties; 
 Seeds should be disease free; 
 Seedling growing medium and containers should be free of pathogens thus sterilized. 
Sterilize a seedling container by dipping it in chlorine water or if chlorine is not available 
expose the containers to hot water (steam) for 30 seconds 
 For germination seeds should be placed just beneath the soil and place the seedling 
container in a room with a high humidity of 85-95%. This can be done by blowing a 
heater fan over a bowl of water to covering the seedling tray with humid air. 
 Seedling soil should be kept moist and compacted. 
 Seeds should germinate well; 
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 Seedling trays should have a neutral pH; 
 Seedling trays should be free of salt content (NaCl); 
 Seedling trays should be placed lifted from the soil on two horizontal wires for automatic 
root pruning. Benefits are: roots that grow outside the container will dry out and die, and 
form new roots; no contact with soil that may carry pathogens, improved drainage, and 
compacted root medium is easier to handle. 
 Maintain the seedling greenhouse conditions at: Air temperature- +-27°C, root zone 
temperature-+-19°C, and relative humidity levels at +-70%. 
 Seedlings should be watered with a nutrient solution of 50% strength and continue to 
100% when planting out. 
 The seedlings root zone pH should remain between 5.5 and 6.5. 
 Seedlings should be protected from fungal and viral infections through good biosecurity 
and control, preventing insects to enter the seedling room, keep relative humidity levels 
below 75%.  
 
See photo 4.21 and the seedling production steps in section 4.8 which discusses steps 
followed during the experimental case study. 
3.6 Ecological Approach to Aquaponic Management and Design 
Section 2.3.7 mentioned the high water use efficiency per protein produced of aquaponics; 
further methods can be explored and incorporated into design and management of the systems. 
To improve the sustainability of aquaponic systems the following list of technical approaches 
can be integrated into system design and management. This section adds to the proposed 
approach to sustainably integrate aquaculture and hydroponic farming technologies and acts as a 
technical guideline for aspiring aquaponic farmers to increase the efficiency and sustainability of 
their projects.  
 
Several basic environmentally friendly and energy efficient factors can be included in 
greenhouse design and management techniques: 
 
 Building north facing, east-west orientated greenhouses with an asymmetric roof; 
enabling a greenhouse to face north (in southern hemisphere) without any shade 
throughout the year will enable the plants to produce at its optimum level,   
 Insulating greenhouses well; 
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 Planting in season crops; 
 Reducing greenhouse interior temperature through natural ventilation, reflection or 
capture in the form of solar collector panels (Tripanagnostopoulos, Y Siabekou & Tonui, 
2007); 
 Using energy efficient lighting and incorporate it with recycled ―bottle lights‖. 
 Using passive cooling and heating ventilation methods (Korecko, Jirka, Sourek, Cerveny, 
2010); 
 Using black surfaces or surfaces with a high thermal mass will absorb heat and radiate it 
at night (Santamouris, Argiriou & Vallindras, 1994); 
 Sinking the floor into the ground which diminishes heat loss and stores heat which can be 
radiated back at night (Korecko et al., 2010); 
 Using earth to air heat exchangers to prevent overheating during summer and reduce 
energy consumption during winter (Santamouris, Argiriou, Vallindras, 1994); 
 Using and reusing as much resources as possible, CO2 gasses produced by the fish is an 
ideal use for plant supplementation; 
 Treating fish diseases by simply adding a bit of salt in the water instead of chemicals and 
antibiotics (Rakocy, et al., 2006); 
 Using biological control to manage pests in greenhouses (Kempen, 2014); 
 Composting solid waste from fish to produce fertilizer for outdoor gardens; 
 Using solar or biothermal energy to heat greenhouses and water, growing seasons can be 
extended by heating greenhouses or aquaculture with compost (see figure 3.11 below). 
According to Brown (2014) water can be heated up to 60°C by using compost. The CO2 
of compost can also be used to supply plants in greenhouses. 
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Figure 3.11: Compost powered water heater that can be incorporated with aquaponic systems 
 
 
 Using cost effective structures made from recycled materials such as compacted tyres 
which acts as thermal mass (Reynolds, 1998); 
 Using local labour and integrate local food markets, reducing the environmental footprint 
of the food and assisting local food security. 
 
According to Lekang (2007) the primary function of aquaculture greenhouse or building are for 
environmental shelter. In South Africa the challenge is to keep the greenhouse cool in summer 
and warm in winter. Because operational costs so largely affects the feasibility of aquaculture 
and agriculture operations, looking at alternative methods such as earth sheltered walls, compost 
powered heat exchange and solar heating might be useful. 
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3.7 Factors to consider before beginning an operation 
A list of 11 factors to consider before beginning an aquaponics project is derived from the 10
th
 
anniversary issue of the aquaponics journal (Rakocy, 2007): 
 
1. Design calculations should be derived from the feeding rate ratio: 
2. Keep feeding inputs constant; 
3. Supplement the aquaponic nutrient solution with calcium, potassium and iron; 
4. Ensure good aeration; 
5. Clean system regularly by removing solids 
6. Be careful that aggregate media don‘t clog areas or become anaerobic; 
7. Use large pipes wherever possible; 
8. Use biological control to manage pests; 
9. Manage optimum biofiltration; 
10. Manage required pH levels. 
11. Use as less equipment and pumps as possible. 
 
Table 3.4 gives a summary to the common feed-to-plant ratio‘s used in the literature. 
 
James Rakocy Wilson Lennard Jason Licamele 
60-100g Feed/ day for 
1m2 growing surface 
13-16 g Feed/ day for 1m2 growing 
surface 
1kg Fish fed daily = 2.94kg 
Lettuce 
 1kg fish feed/day supports 1500 
lettuce plants 
 
 Assuming 30 plants/m2  
Table 3.4: Common Ratio's used in this study (Rakocy, et al., 2006; Licamele, 2009; Lennard, 2012). 
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3.8 Conclusion 
Due to the scientific nature of aquaculture and hydroponic greenhouse management and 
production it recommended to understand the theory and application of these separate 
technologies in order to identify the right approach for successful integration. Understanding the 
theory behind the technologies would empower farmers to avoid common mistakes in aquaponic 
production, system design and management and will enable them to farm at optimal levels. 
 
Aquaculture production and management is divided into: Aquaculture management which 
focuses on the fish and their requirements, and water management which can be seen as the most 
important aspect of aquaculture as water quality sustains life and determines the wellbeing of the 
project. The water quality and its treatment also determine the performance of plant growth if it‘s 
introduced to a hydroponic component. 
 
Hydroponic plant production requires a nutrient solution to be maintained and supplied to grow 
crops. Most crops especially leafy vegetables and herbs grow well in aquaponic nutrient 
solutions.  If plants are grown (such as tomatoes) which require more calcium this have to be 
manually added to the existing aquaponic solution, mainly only calcium, potassium and iron is 
supplemented in aquaponic systems. Growing crops in greenhouses add to the benefit of closed 
controlled farming which limits the loss of energy and protects the plants from external climatic 
factors or limitations. Greenhouses can be scientifically modified to produce an artificial 
environment that enables farmers to produce throughout all seasons. 
 
Before beginning an aquaponic project it is important to go over the aquaponic checklist and to 
manage fish and plants individually to their optimum requirements. Aquaponic greenhouses can 
be even more improved through a ecological approach towards its building design and layout 
features by energy efficiency measures and the capture and conservation of energy with the help 
of insulation. It is recommended to do careful planning and research before beginning a project 
with a high capital investment. 
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Chapter 4 - Experimental Case Study: Welgevallen Aquaponics 
Facility 
4.1 Introduction 
The Welgevallen Experimental Farm (WEF) located in Stellenbosch between the University‘s 
Coetzenburg sport fields and Paul-Roos High school (see figure 1.1 and figure 0.3 in appendix 
C) was approached to conduct a small scale aquaponic study. The empirical study was 
approached to identify design flaws, component analyses and the daily management procedures 
and challenges of aquaponic systems. The study has a hands-on practical approach to system 
analysis and problem solving. 
 
The site in the featured study was retrofitted and constructed with affordable and locally 
available materials. Linking to Chapter 3 the study aimed to investigate the use of existing 
components and design at WAF and report on the practicality and performance of them.  The 
study aimed to demonstrate the growth potential of aquaponic crops and challenges associated 
with producing them.  
4.2 Background 
WEF was purchased by the University of Stellenbosch in 1917. It hosts the Department of 
Agronomy and Aquaculture Division under the Faculty of Agrisciences and features several 
class rooms, laboratories, controlled climate chambers, aquaculture chambers and greenhouse 
tunnels (see figure 0.3 in the appendix C). 
 
WEF was approached by a private mining company, Richmond Mining and Exploration in late 
2012 who donated and constructed Welgevallen Aquaponics Facility in 2013. Their aim was to 
assist the University to advance research in aquaponics and to better understand the potential of 
waste recycling in aquaculture. I was fortunate to be involved in the planning, budgeting and 
building process of the facility which supplied rich experience on the subject.   
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The climate and location for WAF is typical of that of the Western Cape which has a dry hot 
summer and a wet cold winter. The cool temperatures of winter have proven to be one of the 
major challenges for the WAF which will be discussed later. 
 
Photo 4.1: The initial Aquaponics Facility at Welgevallen Experimental Farm 
 
Welgevallen Aquaponics Facility was constructed at an existing aquaponics system housed in 
the greenhouse in photo 4.1. The previous facility failed to take off and was no longer in use. 
This was partly due to incorrect design.  It had been an experimental facility and the pipe sizes 
were too large for the water flow. In addition the fish tanks had been custom made but were 
square and lacked the strength to hold all the water when full. This was a problem because firstly 
it was square tanks (of photo 4.1) which created dead zones (areas in the square corners which 
did not get fresh replaced water) and secondly it was lumpy and had to be reinforced to stay 
upright. It is recommended to use round tanks which evenly displace pressure to all sides 
(Lekang, 2007).  Furthermore the aquaponics facility that existed there used gravel beds to grow 
plants; this was not however a problem as gravel based media is suitable for aquaponics. I 
modified the gravel beds to deep-water culture beds which were personally easier to work with 
and it created no accumulation of nutrients. 
 
A decision was taken by the representatives of WEF, Richmond Mining & Exploration and I to 
redesign the system. This redesign elected to separate the systems so that the plant grow beds 
was housed in the greenhouse tunnel and an open field next to the tunnel could be utilised as the 
site for the aquaculture facility. The reason for this was that there was not enough space to 
position the aquaculture facility inside the greenhouse and the adjacent open field posed the only 
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viable option to position it. The plants needed to be housed in the greenhouse to provide shelter 
from the weather especially in the late rainy months. The greenhouse had no electric fan or light 
thus the full capability of the greenhouse could not have  
 
I removed the gravel in the grow beds and dumped it all on the aquaculture site as it is important 
to keep the site clean and free of vegetation. 
 
4.3 System analysis 
Welgevallen Aquaponics Facility summarized design description 
 
As illustrated in figure 1.1, the WAF was designed into a unit which comprises of three separate 
10 000L circuits, (Line 1, Line 2, and Line 3). They were kept separate to enable comparative 
studies and to test various technologies. 
 
Each of the individual lines start off at the 2 x 1500L vertical fish culture tanks (1), these each 
flow through a vertical silo 1100L waste separator or settler tank (2). To get rid of the CO2 a 
small 50L tank in line 3 was installed, positioned between the waste separator and biofilter (3). 
After the solid waste and particles settled on the bottom of the cone shaped settler tanks the 
water would flow into a 900L flatbed biofilter (3).  
 
After the water has flowed through the ‗Aquaculture Area‘ the water flows by gravity to the 
grow beds (4) in the ‗Grow Bed Greenhouse Tunnel‖. Line 1 and Line 2 flows through separate 
5660L deep water culture (DWC) grow beds and line 3 flows through a grow bed that‘s divided 
into three 1330L compartments filled with (different/ a) growing medium. The water that passed 
through the grow beds is drained into the sump tanks (5) which are equipped with automated 
submersible pumps that constantly pump water back to the fish culture tanks (1). The drainage of 
grow beds 1 and 2 is a simple stand-pipe which overflows to the sump when water level breaches 
the rim of the drain pipe. Grow bed 3 has a series of three automatic bell siphon drains which 
allows water to fill up and drain at a desired level. The water supply in the whole system is 
regulated by three floating ball-valves located in each biofilter; these fill up water lost due to 
cleaning, evaporation, fish and plant use.  
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The additional equipment  
 
All the water pumped from the sumps flows through UV filters to destroy any hazardous 
pathogens that might cause fish disease. The fish and plant root zones require oxygen and thus 
oxygen needs to be supplied. We used 2 x112W compressors to supply the 6 x 1500L fish tanks 
and 3 x 900L biofilters with air. We used one 112W compressor and a centrifugal blower to 
supply the plants‘ root zone with air. 
 
To heat the water heatpump was installed which heated the water through secondary heat 
exchange (this will be explained in detail later). The heatpump was connected to a standard 
swimming pool pump which circulated the water for the heatpump to work. 
 
The pipes that were used in the system was 50mm PVC pipes that transported the water between 
the fish tanks (1) to the sump (5) and 20mm HDPE pipes that transported water pumped to the 
fish tanks. As seen in photo 4.2 the facility consisted of a greenhouse tunnel that had vented 
mesh side panels allowing air to pass through. It also had rooftop vents to allow heat and 
humidity control. 
 
 
 
Photo 4.2: Outer view of the Facility with a 3D model for clarity. 
 
The aquaculture area had a corrugated roof for protection against rain and sun. Sunlight may 
cause algae to grow in the fish and bio filter tanks reducing its efficiency. 
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Photo 4.3: Inner view of greenhouse with a 3D model for clarity. 
 
Extruded polystyrene was used as floating rafts in grow bed 1 and 2. In the wooden grow bed 3 a 
Light Expanded Clay Aggregate (LECA) and a recycled plastic product called ‗Artyrock‘, made 
of recycled plastic that has been melted and crushed into small aggregates were used. 
 
4.4 Daily Management  
The daily management of WAF consisted of: 
 
 Fish feeding three times a day; 
 Checking fish behaviour; 
 Checking water flow, pipes and pumps; 
 Checking air flow and aerators; 
 Checking heat pump and water flow; 
 Checking plants  
 
Other duties which were performed from time to time were: 
 
 Draining settler tanks every third day; 
 Cleaning the biofilters every second month; 
 Harvesting plants that produced continuous produce like spinach and tomatoes; 
 measuring and responding to water temperature, nitrite level, nitrate level, pH, dissolved 
oxygen levels and ammonia once a week; 
 Cleaning vegetation around the site; 
 Repairing shade nets, leaking pipes, blocked pipes,  
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 Cleaning algae and vegetation growth off water; 
 Managing the growth of plants 
 
Feeding and fish behaviour 
 
The most time consuming labour at the site was feeding the fish. Average grown out fish require 
to be fed 2% of their own bodyweight. While feeding it is important to observe the behaviour of 
fish feeding. Healthy fish behaviour is generally observed as fish that have a healthy appetite. A 
‗feeding frenzy‘ –when fish aggressively compete for food at the water surface it is seen as a 
sign that fish are in a healthy state with a steady metabolism and that they are not under any 
stress. 
 
Fish behaviour can further be observed in the way they move around in the fish tank. A healthy 
movement is seen as actively swimming around and interacting with other fish. When fish gather 
together in the bottom of the tank it is usually a sign of stress or disease.  
 
When the water dissolved oxygen levels are too low the fish will gasp for air on the water 
surface, this requires the immediate increase in oxygen input into the water or the removal of 
some fish from the tank to decrease the stocking density of the fish tank. 
 
Any unusual behaviour is a sign that requires immediate action to avoid loss of fish. Fish stress 
needs to be monitored as this can be as a result of natural or man induced events. Stress 
influences the behaviour and the disease susceptibility of fish. Stress is usually the primary cause 
of fish fatalities. 
 
The fish tanks and grow beds require aeration to keep the organisms functioning properly. Fish 
in small circular tanks require aeration because the diffused oxygen from the air has a limited 
surface area and cannot provide fish with sufficient oxygen, especially when they are stocked at 
a high density. 
 
Oxygen is needed by the plants‘ root zone to facilitate active transport of nutrient uptake. This 
also helps breaking down ammonia that the biofilter could not break down. 
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Cleaning 
A routine cleaning action was part of the operation. The biofilters required that solids and algae 
be removed from the biofilter tank manually and the  bio growth media sheets and nets have to 
be cleaned with a high pressure hose (see photo 4.4) 
The nets and bio growth media is hard to remove but easy to do with a compressor. Cleaning the 
biofilters unfortunately destroys the biological processes and bacteria in the biofilter thus care 
should be taken to only remove the solid organic materials and algae and preserve bacteria.  
 
As for the rest of the site, it is important to remove vegetation and weeds surrounding the area to 
ensure that the facility operates under control and prevents any disease, pest or pathogen 
outbreak. 
 
 
Photo 4.4: Cleaning biofilter media. 
 
Waste management 
The only waste that the system had is solid waste from the fish which was flushed out at the 
settler tank and plant material.  
 
I made use of a composting bin to further reduce waste from the system. A container was filled 
with sawdust which is high in carbon and placed it next to the aquaculture settler tanks. All the 
solid waste removed was placed in the composting bin. The sawdust assisted in masking the 
Stellenbosch University  https://scholar.sun.ac.za
  
92 | P a g e  
 
strong ammonia smell. A fellow researcher placed enzymes into the composting bin which 
accelerated up the breakdown and nitrification process. Further studies are yet to prove the 
efficiency of composting fish waste. Theoretically it makes sense not to waste the solid fish 
waste which is very high in nitrogen and nutrients. 
 
4.5 Technical Analysis of WAF 
 
The primary problems WAF experienced were associated with plumbing and water temperature 
control. Only as winter approached some problems emerged mainly due to the changing season 
such as cooler water temperatures and heavy rain, which called for changes in the system. 
 
It was found that our 50mm PVC pipes were too thin which caused pipes to block with solid 
waste particles and fish got stuck in the water removal pipe in photo 4.5-a It was confirmed by a 
Lennard and Rakocy (2013), that our pipes were too thin and had too many bends (see photo 4.5-
a). I found that it was easier to use standard sizes and thread standards. In the photo 4.5-c I used 
a wrong thread (grey connector) which I forced onto the green pipe connector and eventually 
stripped the green connector. I had to cut off the green pipe and install a new standard thread 
connector which was easier to join. Screwing on bulkhead seals (4.5-d) too tight caused the seals 
to pop in the middle which caused leaks. Moving the central biofilter waste removal pipe (4.5-e) 
to the side and installing a stilling box (4.5-f) over the waste water entry pipe helped separate the 
solids more efficiently and kept more solids out of the biofilter. Using an overhead waste 
removal pipe 4.5-h) proved very difficult to work with because it was in the way when I wanted 
to catch fish; in addition it proved impossible to drain the fish tank with the overhead water 
removal pipe. A bottom central standpipe would have worked better. 
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Photo 4.5: Plumbing of WAF. 
 
4.6.1 Aquaculture tanks 
 
The aquaculture tanks were simple water storage tanks that were modified with pipes and 
fittings. As the standard height for these water tanks were 1.5 meters it proved difficult to access 
the fish. 
 
There was a few instances where fish swum into the extraction pipes which blocked the water 
flow and caused or tanks to overflow.  The extraction pipes had to be modified in which I 
inserted a cable across the bottom end to prevent fish entering the pipe and an airlift pipe was 
inserted into the water removal pipe (see figure 4.1). The airlift concept works that the 
compressed air that is released inside the water removal pipe causes the water to remove faster 
and removes a higher head of water due to the rapid rise of air bubbles which push the water out 
with it. 
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Figure 4.1: Fish tanks and airlift description at WAF. 
 
Because of the small air-to-surface area (low air diffusion surface area) of the water in the tanks I 
needed to add additional air. I inserted an air stone (a fine porous stone which gradually released 
diffused fine bubbles of air into the water) which was coupled with the compressor to deliver air 
to the fish in the tanks.  
 
Several problems were encountered with fish that jumped out of the fish tanks (photo 0.14 in 
Appendix C) which I was forced to mitigate by covering the tanks with netting. 
 
The overhead suction waste extraction pipe (h, in photo 4.5) worked fairly well and the tanks 
were clear and solid waste removed. When the airlift was installed the, it merely dropped the 
water level as the airlift principle is there to lift water. I did this to see if the water will drain 
faster and also to drop the water level as some of the tanks had overflowed a few times due to 
blockages and air bubbles in pipes. No notable improvement has been noticed in water clarity 
when compared to the non-airlift system. 
One of the disadvantages of the overhead suction pipe is that the tank is difficult to manage, as it 
is in the way if you net fish or clean the tank. 
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4.6.2 Waste Separator Tanks 
 
Figure 4.2: Solid Waste Separator-Modified swirl separator. 
 
The solid waste separator (figure 4.2 above), or settler tank, is important to separate solid waste 
from the biofilter. It needs to be known that nutrients required by plants are not solid/organic-
matter waste as associated to the use of terrestrial compost but rather soluble nutrients which is 
dissolved in water. 
 
The solid waste which is high in HN3, H2S, and CO2 needs to be separated from the biofilter to 
prevent the biofilter from building up with solid waste which results in efficiency loss. Cleaning 
the biofilter can be a difficult task (discussed later).The swirl separator/waste separator (circular 
gravitational waste removal tank) (shown in figure 4.2) allows for the heavier solid particles to 
accumulate in the bottom of the settler tank..  
 
Lekang (2007), states that swirl separators require uniform water flow at a specific drum 
diameter to achieve optimal efficiency, otherwise particles would flow out of the separator. The 
system at WAF is designed with submersible pumps which pumps water irregularly every 5-6 
minutes triggered when the sump tank is full. The auto pumping causes an irregular flow in the 
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separator which may be the cause why the solids did not settle in the initial design without the 
stilling box illustrated in figure 4.2 on the left. 
 
It was found that using a simple ‗central stilling box‘ forced the solid particles down more 
efficiently in water with irregular flow rates compared to the tanks that had no stilling boxes (see 
figure 4.2). This means that the stilling boxes provided an additional way to force solid waste 
particles to collect together in the bottom centre. The central waster release covered by a stilling 
box helped to collect and push down solids with the force of entering water. 
 
To investigate the use of the only waste product generated by the system, I flushed the settler 
tank every second day and used the waste water/solid waste mix in a composting box. The 
composting bin which consisted of wood chips, plant material and soil proved to remove much 
of the strong odour which the waste water had. 
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4.6.3 Biofiltration  
The biofiltration process is the most important process in RAS (Recirculating Aquaculture 
Systems)/Aquaponic systems. Biofiltration is also seen as the most difficult  component in 
aquaculture systems to manage correctly (Badiola, Mendiola & Bostock, 2012). 
 
The biofilter primarily works in two ways; one it breaks down nutrients (not solid waste) with 
the help of nitrification bacteria and secondly it oxidizes the nutrients through aeration and 
oxygen in the water. The nitrification process illustrated in figure 4.3 below shows the steps of 
nitrification. 
 
Figure 4.3: Nitrification process in the biofilter. 
 
The nitrification process works by breaking down toxic ammonia to an ionized ammonium form. 
The Ammonium ion gets broken down to nitrite which is then further broken down to nitrate 
which is the primary nitrogen component for plant development. The breakdown from waste to 
beneficial nitrogen is the same in the aquaponics process as it is in soil processes as organic 
waste compounds are broken down and converted to nitrates (Prosser, 2005). 
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I used square 900L tanks as biofilters, and placed bio growth media (indicated in figure 4.3 as 
the jagged lines) in the beds for bacterial growth. To improve the process I placed compressor 
connected airstones between the bio growth media. 
I added an additional bio media and hair curlers rolls to the biofilter to improve the process, this 
was done because the hair curlers and bio media are small plastic objects with a large surface 
area for bacteria to grow on which caused nitrification to take place, the objects needed to be 
round that it is able to spiral around enabling an aerobic process. 
 
The tanks were drained and cleaned twice, which had to be done to modify and clean the system. 
This however caused the bacteria to deteriorate in the biofilters (because the bacteria requires 
nutrients and a water environment to survive) as well as a decrease in nutrients in the water 
which we could notice in the plant growth in the grow beds. Some plants started to show signs of 
nutrient deficiency and the tomatoes started to form mildew. It is thus recommended to design 
biofilters efficiently to require as less as possible cleaning. 
4.6.4 Grow beds 
The system were started using the two predominant aquaponic growing techniques in the three 
grow beds which is gravel based/substrate media and the deep water culture (DWC) method. 
Gravel based substrate media 
Gravel based substrate media is gravel that supports plants to remain upright and supplies plants 
with nutrient through flooding and drainage of nutrient rich water. 
 
A mixture of light expanded clay aggregate (LECA) and a recycled plastic aggregate was used in 
grow bed 3 in figure 4.4. For gravel based media it is required to use auto drain bell siphons 
which drain the water and allows oxygen to flow through the gravel to aerate the root zone of 
plants. The bell siphon draining system is illustrated in figure 4.5 below. 
 
I found that the gravel based media tended to form an accumulation of nutrients around the 
inflow areas. There were no evidence of root rot in plants and the bell siphons worked without 
problems for the 6 months period of the trial. The only problems identified were that the three 
grow bed were divided into three compartments which all drained individually and would 
sometimes drain together which caused a surge of water to be drained that were too big for the 
sump tank to handle, this however is a design problem not a LECA problem but because ebb and 
flood systems drain this way it is worth mentioning. I had to install a flood control tank (see 
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photo 0.12 in Appendix C) to control the surge and allow a constant flow to the sump tank to be 
pumped to the aquaculture tanks. 
 
 
Figure 4.4: Grow Beds - LECA/Gravel Growing Medium Method 
 
Labels of figure 4.4: 
A-Water inflow 
B-Auto drain bell siphon (more explained in figure 4.5). 
C-The flood drain tank (also shown in photo 0.12 in Appendix C) 
D-The sump tank: the lowest point of the system where the water gets pumped back again to the fish tanks. 
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Figure 4.5: How an auto drain bell siphon works. 
 
The Tomatoes grew well in the LECA substrate; the one plant in photo 4.20 carried over 120 
tomato fruits at one stage but had to be taken out because it got infected with mildew which was 
due to the rising humidity of the winter season. 
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Deep water culture method 
Labels of figure 4.6: 
A-The water inflow. 
B-The root zone of the plants submerged fully in water. 
C-The water outflow standpipe. 
D-The sump tank, the lowest point in the system in which the water gets pumped back to the fish tanks. 
 
 
Figure 4.6: Grow Beds - Deep Water Culture (DWC) Method. 
 
The deep-water culture method was used in grow beds 1 and 2. The method can be described as 
plants that float on top of aerated water with the aid of a floatation medium. I used extruded 
polystyrene which was donated by a local roof insulation company. I drilled 50mm holes into the 
polystyrene (see appendix C photo 0.10) into which I placed a standard growing/propagation 
pots in the drilled holes. The cups and polystyrene acts as structural support for the plant to 
develop. 
 
The Deep Water Culture (DWC) method is based to allow plants take up dissolved soluble 
nutrients in the water. The plant‘s root will dangle in the water and absorb the nutrients provided 
and in that manner clean the water to be supplied to the aquaculture tanks. This function the 
same way plants grow in soil in which the root zone absorbs nutrients from the soil. 
 
The DWC method has a constant water level and requires aeration to prevent root rot and enable 
to plants to take up nutrients. The DWC method proved to work the best in the WAF as it 
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showed the biggest plant and root growth development and in terms of practicality it were also 
easier to work with. 
4.7  Fish Management 
It was decided to use Tilapia (Oreochromis mosambiccus) in the systems because they did not 
require any permits and was readily available on Welgevallen Experimental Farm. I however 
required more Tilapia to fully stock the system and experienced a hard time finding local 
suppliers which had affordable and sizeable Tilapia. 
 
A local farmer gave me permission to net Tilapia in one of his irrigation dams. The attempts 
however were unsuccessful but the issue was resolved by Elsenburg (a state owned agricultural 
research facility outside Stellenbosch which have an aquaculture facility) which donated 60kg 
Tilapia on the 11
th
 of March 2014. 
 
Before the Tilapia were in the fish tanks I weighed them to determine the amount needed to feed 
them. I fed the Tilapia 2% of their total mass two to three times a day. It proved very time 
consuming being solely responsible for the fish. 
 
The extra Tilapia was successfully introduced into the system and I took precaution with 
handling them according to the prescribed methods of aquaculture management. Once the 
Tilapia was introduced I allowed the system to run for three weeks to enable a build-up of 
nutrients and allow the nitrification bacteria to grow in the biofilters. 
 
In April 2014, problems started to develop as the season turned and the fish started to show signs 
of stress and loss of appetite. At the end of April 2014, the water temperatures reached 15°C 
when the fish stopped eating and showed a complete passive behaviour. All the fish were taken 
out of the system and placed in a secured and warmed fish greenhouse which is located on the 
Welgevallen Experimental Farm. 
 
The fish regained satisfying behavioural characteristics after a few days in the warm water at the 
greenhouse. I fed the fish there until a heat pump was installed for the WAF aquaculture tanks. 
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The heat pump heated the water between 21-25°C and proved adequate for the fish. The fish 
tanks were moved back to WAF in the middle of April 2014, and found that the fish showing no 
signs of stress other than that of the transporting and handling. 
4.8  Plant production 
Seedlings 
 
With the initial fish I had I allowed three weeks for bacteria to develop and nutrients to 
build up. With the initial amount of fish in the tanks-on the February the 6
th
 2014, I 
bought plants at a local nursery, a selection of herbs, a root plant and vegetables were 
placed in the grow beds.  The varieties that were used were: Basil, Beetroot Bijou 
Lettuce, Bright Light Spinach, Cherry Tomatoes, Chives, Green Oak Lettuce, Navada 
lettuce, Red Mustard, Swiss chard Spinach 
 
The motivation for planting was to identify how the different random selection of plants adjusted 
to the aquaponic environment and to monitor which varieties perform and assess the common 
problems that arose.  
 
 
Photo 4.6: Planting seedlings into the Grow Beds at WAF. 
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Lettuce varieties 
On March the 3
rd
 2014, the lettuce plants were harvested which were less than 4 weeks old. They 
produced healthy firm leaves but however had a bitter taste which was probably due to a 
phosphorous deficiency often associated with aquaponic produce (Kempen, 2012). 
 
In the 6
th
 week after planting the lettuce plants reached 1 meter in height (see photo 4.8) and 
started to bolt and produce seeds which attracted aphids to the flowers. I removed the lettuce 
plants in the 8
th
 week of their planting (see photo 4.9). 
 
 
Photo 4.7: Aquaponic Produce - Healthy Nevada lettuce plant in DWC (6 weeks old). 
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Photo 4.8: Aquaponic Produce - 100cm Green Oak Lettuce plant in DWC (6 weeks old). 
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Photo 4.9: Aquaponic Produce – Large Green Oak lettuce plants from DWC method. 
 
Spinach varieties 
Plants like the spinach varieties were late bloomers which only peaked around the 25
th
 of March 
2014, after 7 weeks of planting. They produced however remarkable results (see photo 4.10 and 
4.11) being very firm and broad leaved. The Swiss chard variety produced the best results in 
growth and leaf quality. We harvested leaves from the spinach varieties on a weekly basis. The 
plants continued to improve as the winter approached. It was found that the spinach growth 
performance was considerably better in the DWC method than the spinach grown in the 
LECA/gravel growing medium.  
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Photo 4.10: Aquaponic Produce - Bright Lights Spinach in DWC (9 weeks old). 
 
Photo 4.11: Aquaponic Produce -Very healthy Swiss Chard Spinach Plant in DWC (9 weeks old) 
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Photo 4.12: Aquaponic Produce -Very healthy Swiss Chard Spinach Plant in DWC (10 weeks old) 
 
Red Mustard Leaf 
The Red Mustard‘s growth rate was similar to that of the other lettuce varieties. It however 
peaked at 6 weeks old producing very large leaves and exceptional spicy flavour. Signs of tip 
burn
11
 appeared on various leaves which were a possible indicator of a calcium deficiency. The 
calcium deficiency is argued to be a likely cause as calcium is a mineral that needs to be 
supplemented to aquaponic processes as this is not a mineral generated or wasted through the 
aquaponics fish feed and waste collection process. 
 
                                                 
11
 A disease of the potato, lettuce, and other cultivated plants characterized by burning or 
browning of the tips and margins of the leaflets and caused by loss of water due to excessive heat 
and sunshine. 
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Photo 4.13: Aquaponic Produce- 70cm across healthy Red mustard leaf plant in DWC (6 weeks old). 
 
Cherry tomatoes 
It was found that the cherry tomatoes grew rapidly and started to flower and bear fruit within 4 
weeks. The plants in the DWC medium had to be supported by string to trellis the tomatoes for 
support. The plants in the LECA medium tended to grow flat and required no trellising.  
 
The cherry tomato‘s developed well until beginning of April when the humidity levels increased 
and signs of mildew appeared which spread rapidly across the tomato plants.  
 
The tomatoes‘ skin was too soft and many small fruits perished under light pressure of the plant. 
It appears that the lacking calcium is the reason for weak fruit development. Fruit and plants‘ cell 
walls need calcium to keep a frim crisp structure. 
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Photo 4.14: Aquaponic Produce- 120cm high cherry tomato plants in DWC (7 weeks old). 
 
Photo 4.15: Aquaponic Produce -Healthy and heavily carrying cherry tomato plant in LECA mix (7 weeks 
old). 
 
Basil 
The basil plants grew very well and produced great flavour. The basil were harvest ready within 
a month and produced well balanced green leaves which did not show any sign of nutrient 
deficiency in the early stage. After 6 weeks the leaves showed signs of an iron deficiency as this 
was a nutrient not supplied by the fish as well as the leaves indicated a yellowing from the edges 
to the middle of the leaf. Some of the basil plants started to bolt (shoot seeds) within a month 
which reduced leaf growth and efficiency. 
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The basil showed a better performance in the DWC method than that of the LECA medium grow 
bed. 
 
Photo 4.16: Aquaponic Produce - Basil plants in DWC (4 weeks old). 
 
Beetroot 
The beetroots have grown surprisingly well having developed a nice bulb within 10 weeks. The 
performance of beetroot growth was better in the DWC method compared to the LECA medium 
grow beds. 
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Photo 4.17: Aquaponic Produce - Beetroot plants from DWC method (10 weeks old). 
Chives 
The chive plants had a slow start but were already able to be harvested within 6 weeks. They 
grew to full size at week 7 to 9 and have shown no real nutrient deficiency except some ‗tip 
burn‘ which could have been caused by a calcium deficiency or the warm greenhouse 
temperatures. The chives grow well in both the DWC and LECA substrate medium. They 
produced a very satisfying flavour and had nice crispy tubes.  
 
 
Photo 4.18: Aquaponic Produce - Chives in DWC  
(9 weeks old). 
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Photo 4.19: Healthy rootzone of plants in DWC. 
 
Photo 4.20: Tomato plant with mildew problems. 
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Seedling production 
The 9
th
 of May 2014, I decided to grow seedlings for the system. In photo 4.21 it can be seen that 
it took a weekend for the seedlings to germinate. After that they were left to grow out in the trays 
to a size strong enough to be planted in the greenhouse. It was done by in the following steps: 
 
1. Sterilization of seedling trays; 
2. Preparing a seedling nutrient and growing medium mixture (perlite and fine compost); 
3. Placing the nutrient mixture in the tray holes; 
4. Individually insert the seeds in the trays; 
5. Place the seedling trays in a germination room; 
6. Wait for the germination to take place and move the seedlings to a grow out room or 
greenhouse; 
7. Water the seedlings daily with a mild nutrient supplement; 
8. Wait a month for the seedlings to develop; 
9. Plant the seedlings out into the grow beds. 
See section 3.5.5 on seedling production which discusses the full steps for seedling production. 
 
 
Photo 4.21: Seedling production. 
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4.9 Climate and Water quality 
The aquaculture area 
The climate in the Western Cape is characterized as being very warm and dry in summers and 
cold and rainy in winters. The water temperatures varied from an average of 25°C in the summer 
to an average of 13°C in the winter where frequent spikes in temperature occurred.  The seasons 
are too short and temperature span is generally too great to farm with one species of commercial 
fish like Tilapia or trout. 
 
The warmer summer months were well suited for the Tilapia and they grew well and show no 
signs of stress. In April the water temperature dipped to 15 degrees which caused all the Tilapia 
to stress by bundling together and stop eating. It should be noted that WAF was an open facility 
with only a mesh screen and roof for wind protection. As a result I had to install a heat pump and 
insulate the pipes and fish tanks (see photo 4.22). The heat pump used a lot of power which have 
a negative impact on the financial viability of the aquaponic venture. 
 
 
 
Photo 4.22: Insulating the pipes and tanks to preserve heat during winter. 
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Photo 4.23: Water heating for winter using a secondary heat exchanger. 
 
The system was difficult to manage separately because all the tanks needed to be heated in a 
manner that avoided the mixing the water of the three individual lines.  
 
I developed a secondary heat exchange system (see figure 4.7) in which I installed a pool pump 
and heat pump to a tank of water that was insulated. The three pipes that came in from the grow 
beds were extended and coiled up in the heat exchange tank. The heated water in the heat 
exchange tank thus heated the coiled pipes which provided warmer water in the fish tanks. The 
water temperature in the fish tanks came up to 21°C and 25°C after installing the heat exchange 
system allowing to keep the aquaponic facility running through the winter. 
 
Figure 4.7: The secondary heat exchange system. 
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The greenhouse 
The greenhouse worked well in the summer season. It had the basic features which were needed 
for aquaponic farming namely a waterproof roof, humidity and temperature vents. In winter 
however some out of season plants like the tomatoes suffered with mildew which been 
developed as a result of the high humidity levels. This was an external factor and could not be 
controlled from within the greenhouse.  
4.10 Electrical problems 
It was found that the heat pump drew a lot of current and continually tripped the circuit board 
switch. I was forced to install a slow curve circuit breaker which draws current on a gradual 
‗slower‘ basis and I also checked that the incoming three phase power were balanced. 
 
In most RAS systems and other intensive systems any electrical error could cause fish fatalities. 
Backup systems and alarms are highly recommended for the safety and security of fish in a fish 
farm. It is also recommended to install cameras and sensors connected to a network which make 
operations much easier to manage and observe remotely. 
 
 
Photo 4.24: Be sure to set up the electrical system with the help of trained professionals. 
4.11 Concluding Analyses 
To analyse a system and identify issues that affect ecological, social and economic well-being of 
an aquaculture project it is best to look at the holistic view, to all the aspects of production 
namely; ‗Inputs, Resource Use and Outputs‘, and categorize issues into local, regional and 
national level (FAO, 2010).The issues identified could provide information to what causes them 
and relate to other causes in the production cycle. This makes it easier to identify and address 
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advantages and problems used to compile environmental impact assessments or project 
application documents. 
 
  
Issues Local (WAF) Regional (Western Cape National (South Africa) 
INPUTS 
Production of locally 
produced fish feed 
+Low cost fish feed 
improved production costs 
- Effect on wild fish stock 
used to produce fishmeal 
+Effect on fisheries 
communities and 
communities involved in 
feed production 
- Effect on wild fish stock 
used to produce fishmeal 
 
Labour +Job opportunities and 
improved livelihoods 
 
+Job opportunities and 
improved livelihoods 
 
 
Infrastructure +New available 
Infrastructure available of 
Experimental Farm 
  
RESOURCE USE 
Water -Use of water for constant 
flushing and cleaning 
+Efficient water use due to 
recirculation of water 
+No waste produced and 
water pollution caused 
+Water quality is maintained 
and managed by the natural 
nitrification bacteria and 
plants. 
+Efficient water use due to 
recirculation of water 
+No competition with other 
freshwater water resources 
+No waste produced and 
water pollution caused 
 
Land use/ Ecosystem +Efficient land space use 
+Water is recirculated in 
closed loop 
+No competition with local 
freshwater resources 
+Fish species pose no threat 
to external ecosystem and 
biodiversity. 
+Fish species pose no threat 
to external ecosystem and 
biodiversity. 
+No competition with 
regional freshwater 
resources 
 
 
Energy - Use of energy to power 
compressors, pumps and 
heat pump. 
- No aquaculture room 
insulation 
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+ Insulated pipes and fish 
tanks 
+Pump energy is efficiently 
used by gravity flow design 
+Use of self-draining bell 
siphon grow bed drains 
which require no aerators 
+No need for tractors or 
mechanical equipment to 
produce crops. 
 
OUTPUTS 
Biomass (fish and fresh 
produce) 
+ Potential biomass 
production (fish and plants) 
for hunger alleviation and 
food security 
+Providing a source of high 
quality protein 
+ Potential biomass 
production (fish and plants) 
for hunger alleviation and 
food security 
+Providing a source of high 
quality protein 
+ Potential biomass 
production (fish and plants) 
for hunger alleviation and 
food security 
-Possible competition with 
other common food markets. 
Income +Provision for income to 
people involved in 
construction and part time 
labour. 
  
Seedling production +Grow own seedlings 
locally, saves money and 
cuts down on overall costs 
+Support local seedling 
producers 
 
 
Fingerling fish supply + No cost involved to supply 
WAF with fingerlings 
-No support for local 
fingerling suppliers 
+Collaborated with Elsenburg 
to supply us with 
fingerlings 
+No fishing in dams or other 
habitats. 
-No support for local 
fingerling suppliers 
 
Nutrients +Nutrients are not wasted and 
is recirculated in a closed 
loop 
+Nutrients are used to grow 
fresh produce. 
+No eutrophication 
+Water quality is maintained 
and managed 
+No pollution or 
environmental impact on 
regional watersheds or 
ecosystems. 
 
Diseases -Stress from handling and 
water temperature caused 
minor fungal infection. 
-Lack of biosecurity 
+No possibility for fish to 
escape to carry possible 
disease to fish in the 
external habitat. 
+No possibility to spread 
diseases. 
Chemicals +No chemicals were used +No chemicals were used,   
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Escapees +No potential escapee impact 
on local fauna and flora 
  
Table 4.1: Production Impact Analysis of WAF (Note: Positive (+) and Negative (-) 
 
As Table 4.1 shows, WAF‘s aquaponic technology provides many positive issues in the 
production chain. In regular aquaculture production systems resource uses for inputs such as 
water is usually a negative issue as water use is high and treatment has an economic cost 
associated with it . If water is not treated properly (as is the case on many farms) the waste 
causes water quality deterioration downstream.  
 
In terms of chemicals like herbicides, pesticides, and antibiotics, none of them can be used in an 
aquaponic system. Because of the symbiotic nature of being locked in a closed recirculating loop 
the water quality has to be of high quality for sustaining fish and plant health, no herbicides, 
pesticides can be used because it will kill the fish which is sensitive to water contaminants in the 
closed recirculating system. This will also prevent natural bacteria to perform nitrification, 
artificial chemicals break down the natural biofiltration bacteria that are the core of an aquaponic 
system.  
 
In terms of biosecurity; usually with pond and flow through aquaculture it is very difficult to 
ensure that no species will escape and pose an environmental risk of spreading disease and 
inbreeding with native species. With recirculating technology such as aquaponics the risk don‘t 
exist as water is continually recirculated and reused in a secure closed system. Aquaponic 
systems do not require being located in the vicinity of rivers of large bodies of water thus 
ensuring that risks associated with escapees and spread of possible disease is reduced. 
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Strengths 
 Resource efficient food production. 
 Self-cleaning and recirculation of water 
 Can produce fish and plants together 
 Leafy plants grow well with no 
additional nutrient supplements. 
 Water quality is maintained 
 
Weaknesses 
 System design requires professional help 
or extensive self-research. 
 Managing aquaculture and hydroponics 
can be technical and time consuming 
 Aquaponic systems require constant 
hands on management. 
 Climate and seasonal changes in 
temperature affects the productivity of 
the system 
 
Opportunities 
 Diversity of produce 
 Double stream of income(fish and 
produce) 
 Controlled environment farming is more 
resilient to external factors. 
 Largely undeveloped aquaculture 
industry 
 Using Nile Tilapia 
 Aquaponics support the biodiversity 
regulation. 
 Designing a aquaponics-specific 
greenhouse 
Threats 
 Design problems: High aquaculture 
tanks, thin pipes, not enough valves, 
efficient plumbing. 
 SA climate and large seasonal 
temperature differences. 
 High energy use in winter 
 Market of warm water commercial fish 
like Tilapia in South Africa not yet 
established. 
 
Table 4.2: SWOT analysis of WAF experiment period. 
4.12  Summary 
The study has proven aquaponics to be very fairly simple and effective to produce fish and crops 
in a locally self-constructed system, but it identified that it requires a technical and specialist 
approach to produce high quality aquaponic fish and produce (this approach is discussed in 
chapter 3).  
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The aim of this study was to gain a better understanding of the practicality of aquaponics through 
the day to day production and management of the system.  
 
The outcome of the 6 months spent at WAF was positive. The plants and Tilapia fish grew very 
well in the warmer months but the winter presented many challenges that were partly overcome 
by heating the aquaculture water and planting in season plants. It was found that the plants 
especially the leafy plants and the beetroot grew well with only aquaculture waste water as 
nutrient source. The fruit bearing tomato plant showed signs of nutrient deficiencies and has also 
been a victim of mildew which is prominent in humid climatic conditions.  
 
According to the design it was found that the DWC planting method performed better and was 
easier to manage than the substrate media. The only waste that was produced was solid waste 
that accumulated in the waste separator and the waste had been successfully composted.  
 
It was identified that electrical components should be installed by professionals to safeguard the 
aquaponic operations, emergency alarms and backup systems should be considered. It is advised 
to use thick pipes with minimum angles and to install valves between each water tank 
component. 
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Chapter 5 : Project proposal 
Ntinga Co-Operative Limited 
Urban Integrated Aquaculture Farming 
Please note: There will be repetition in this chapter. This is intended because the project proposal 
is also considered a stand-alone unit. 
5.1 Introduction 
The University of Stellenbosch‘s Aquaculture Division (here after referred to as the University) 
was tasked to assist a group of African female urban farmers in Philippi, Cape Town to develop 
an urban aquaculture
12
  farm, and set up a technical project plan to access funding from the 
Department of Trade and Industry. 
The site is situated on the northern edge of Philippi and Mitchells Plain (see figure 5.1 on the 
following page), which is largely known as the  Cape Flats  (City of Cape Town, 2013a), which 
make up a low income area with widespread poverty and food insecurity (Battersby, 2011). Land 
in the Cape Flats and surrounding townships remains a contested resource due to housing 
shortages and industrial space (Essop, 2014; Knoetze, 2014; Sesant, 2014). This challenges 
urban areas to be used very efficiently. 
Malnutrition rates in South Africa‘s urban areas are increasing; raising the question as to why 
this is a problem when South Africa is a food secure nation with a well-developed agriculture 
sector (McLachlan & Thorne, 2009). South Africa‘s aquaculture industry however remains 
largely underdeveloped in both regional and international terms (Rana, 2011; Department of 
Agriculture Forestry & Fisheries, 2013; Salie, 2014).  
Fish is considered as an extremely nutritious food source having a unique nutritional 
composition containing a balanced amount of protein, fatty acids and essential nutrients (Murray 
& Burt, 2001; Cheung et al., 2010).  
Currently government have embarked on a massive aquaculture development programme and 
placed regulatory and support measures in place. This creates the environment to rise to the 
opportunity and develop aquaculture to create jobs, grow the economy and support food security. 
                                                 
12
 The cultivation of aquatic organisms 
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Figure 5.1: The location of case study of the lease area of the Ntinga Multipurpose Co-operative. 
 
5.2  Methodology 
 
Because the case study of this chapter is targeted at Department of Trade and Industry (DTI) 
funding grants. The project proposal has been done according to their guidelines. The 
information in project proposal is based on research and experience gained at WAF and 
academic research on aquaculture and hydroponics. The financial model was done with data and 
information gathered from academic research and market research. 
 
Stellenbosch University  https://scholar.sun.ac.za
  
125 | P a g e  
 
5.3 Project Summary 
5.3.1 Administration Information 
 
Name of Co-operative: Ntinga multipurpose co-operative limited REG: 2013/ 012900/ 24   
Main Business Activity: Agriculture   
Physical Address: Informal Rd, Philippi East, Cape Town, 7781    
5.3.2 Project Overview 
 
The Ntinga Multipurpose Co-operative (NMPC) is a black women owned entity that was 
established in 2013 (See figure 5.3 for time frame). The Ntinga group come from various 
working backgrounds and have knowledge and experience in agriculture and horticulture. The 
Ntinga members wish to reintroduce themselves into agriculture and develop skills in 
aquaculture with the hope of becoming fish farmers. The NMPC/Ntinga has gained a 5 year land 
lease agreement with the City of Cape Town which started 1 September 2014. Ntinga‘s members 
have identified an opportunity and interest in freshwater aquaculture which is still highly 
undeveloped in South Africa. Black communities make up the lowest share in the national sector 
of aquaculture and transformation in this sector is highly regarded. 
 
The University of Stellenbosch‘s Aquaculture Division was approached to assist the Ntinga 
group with training and the setting up of a techno-operational framework and financial model for 
an aquaculture project. The University suggested that a recirculating aquaculture system be 
developed that would integrate aquaculture with horticulture otherwise known as aquaponic 
farming.  
 
Aquaponics addresses the many challenges associated with urban farming and provides a diverse 
set of produce increasing urban food security.  
 
The University suggests a four year roll out development plan which will start in 2015 and will 
be completed by 2018. In the initial start-up year NMPC will be trained through workshops 
hosted by the University of Stellenbosch so that they may gain skills and knowledge needed for 
aquaculture farming. 
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The first year, 2015, will focus on clearing the site, installing services, establishing a site office 
and erecting the first set of greenhouse tunnels. The co-operative will initially start growing 
vegetables on a small scale. A phased roll-out of aquaponics units will commence in 2015 what 
will start with basic greenhouse tunnels, a workshop, office and basic infrastructure, after that in 
2016 the first of three aquaponic units (see figure 0.1 and 0.2 in appendix B) will be built with a 
unit being established each year. It is planned that through a process of four development phases, 
by 2018 three units would have been erected/built/installed. 
  
Due to aquaculture being a more technical food production sector and given that many state 
funded development/empowerment projects fail or fail to remain profitable (Stoltz, 2010; Yeld, 
2013; George, 2014), the Ntinga Multipurpose Co-operative project will focus on developing 
human capital in the form of experience, skills, knowledge and a support structure. Furthermore 
the project proposal and financial model is designed to start small and identify challenges in the 
4 year roll-out phases. 
 
The grant funding (no interest) will be used to develop the project and roll out the four phases 
between (2015-2018) to cover the total capital expenditure (CAPEX) costs of  R3,450,000 and a 
total operational expenditure (OPEX) required are R250,000 which will be required from 2016. 
 
The operation will be cash-flow positive within 6 months in 2016 and will break even after 2 
years. Considered that this is grant funding the return on investment is not calculated. 
 
Figure 5.2: Cumulative profit/loss of NMPC (revenue vs. operational cost) 
 
The products produced by NMPC will be sold through local markets like street vendors and local 
supermarkets. Supermarkets like Pick n Pay provide preference to local suppliers and have a 
programme to assist Broad Based Black Economic Empowerment (B-BBEE) suppliers 
(Ackerman, 2012).  
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Figure 5.3: NMPC Project Time Frame. 
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5.4 Assumptions made for the project 
In order to develop a feasible operation for Ntinga Multipurpose Co-operative, various scenarios 
were developed and tested against the assumed operational expenses relating to each Integrated 
Aquaculture Farming system.  
 
The operational expenditure (OPEX) financial model does not claim to be a true reflection of the 
planned operational setup, but only acts as a guideline whereby different operational models 
could be tested based on an economy of scale.   
Special note must be given to the following assumptions used in the financial models: 
a) No current or historical financial statements were available for Ntinga Co-Operative 
Limited at the time of developing these financial models. No actual expenditure or 
revenue figures could be used for the calculations in the financial model. 
b) With no clear indication of the secured and/or planned financial provision methods to be 
employed, the possible loan and interest repayment expenses have not been included in 
the current financial model. 
c) All attempts have been made to provide for costing based on local supplier pricing, where 
available. 
5.5  Problem Statement 
5.5.1 Unemployment and poverty  
The site chosen for the Ntinga project is located next to the Philippi Fresh Produce Market in the 
middle of the Cape Flats, surrounded by informal settlements (see figure 5.1) where poverty is 
widespread and food security is a major challenge (Battersby, 2011). It is estimated that more 
than 22% of Cape Town‘s citizens lived in poverty of which were mostly concentrated in the 
Cape Flats region. Poverty is defined as: ―the inability of a person to meet their own basic needs 
and the needs of their dependents‖ (City of Cape Town, 2013b:2) .  
 
Many people, especially vulnerable groups such as women, the elderly, people with disabilities 
and children face complex challenges and often find themselves in the poverty trap.  
 
Jobs in Cape Town are scarce; most urban livelihoods are generated through the informal sector. 
Two thirds of African adults were declared unemployed with more than half of Cape Town‘s 
African households generating no income. The average wage labour income for those who were 
employed is R1463 per month. The average income for those without wage labour income is 
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R502 per month, which is below the poverty line of R560 per month (De Swardt, Puoane, 
Chopra, Du toit, 2005). 
 
Poverty is primarily manifested in the ability to access food. It was found that in 2005, 39% of 
income expenditure amongst the poorest communities in Cape Town goes to food. Most of the 
indebted communities have stated that the primary reason to borrowing money was for basic 
survival: to buy food, pay for medical fees and to pay off other debts(De Swardt et al., 2005). 
The 2011 National Census reflected similar trends (StatsSA 2013) 
5.5.2 Urban sprawl 
It is predicted that Africa will become a predominantly urbanized population of 58% by 2050 
(UN-Habitat, 2012). Our global population growth is forecasted to increase by 3 billion by 2050 
(Brown, 2011). Feeding this future population of 9.2 billion people might be the biggest 
challenge we as a human race ever face.  According to 2011 statistics, 62% South Africa‘s 
population live in urban areas (Central Intelligence Agency, 2014), which is expected to reach 
80% by 2050 (Todes et al., 2010). Meeting the food security of South African citizens will 
therefore be an increasingly urban challenge and responsibility. Rising urban poverty is 
associated with many of the newly urbanizing populations that are cut off from their means of 
subsistence food production, which they relied on for food production in rural areas (Ziervogel & 
Frayne, 2011).  
 Philippi is located between the wealthy suburbs of Cape Town and the poorest African suburbs 
namely Khayelitsha and Nyanga. The poorly located African suburbs are a product of Apartheid 
social engineering and excessive urbanisation which created an overpopulated urban sprawl 
along the N2 highway and the False Bay coast. The population in the Cape Flats are deeply 
dependent on the City of Cape Town‘s economy and social grants(De Swardt et al., 2005). 
 
Increased urbanisation and demand for housing have put enormous pressure on natural resources 
and urban farm land. South Africa‘s population is already 60% urbanised and it‘s expected to 
reach 80% by 2050 (Battersby, 2011) Cape Town faces increasing pressures and development 
challenges with regards to the rising poverty, housing shortage, and urban sprawl (Battersby, 
2011). 
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5.5.3 Food security  
The broadly accepted definition of food security termed by the FAO and the World Bank states: 
―Food security exists when all people, at all times, have physical and economic access to 
sufficient safe and nutritious food that meets their needs and food preferences for an active and 
healthy lifestyle ― (FAO, 2008a). According to the FAO (2014) 14% of the world‘s population is 
undernourished, accounting for a third of all infant mortalities. According to Hasan (2012) 
between 2011-2013 about 842 million people suffered from chronic malnutrition. Despite an 
increased food production the undernourished population has increased by 9% to 12% globally 
since 1990 (Barrett, 2010).  
Despite many citizens having access to food, many communities have access to food of 
sufficient calories but not sufficient nutritional value.  Many South Africans suffer from 
malnutrition due to poor dietary diversity, and food insecurity has directly been correlated to an 
array of chronic illnesses in local communities (Frayne et al., 2009). According to Barrett (2010) 
it is estimated that more than a billion people lack sufficient dietary energy availability and more 
than two billion suffer from micronutrient (mineral and vitamin) deficiencies. This calls for 
action to provide access to more nutritiously balanced food. 
 
In a dense urban environment such as the Cape Flats 80% of households are either moderately or 
severely food insecure. In Philippi and Kayelitsha less than 10% of households are food secure 
(Frayne et al., 2009; Battersby, 2011).Poverty impacts the food security status of an individual as 
well as of a family. Food insecurity is one of the main causes of poor health, more generally, and 
a driver of development-related challenges in children.  
 
A Dietary Diversity study conducted by AFSUN in 2008 confirmed that the most commonly 
consumed foodstuffs were largely non-nutritive food, suggesting a diet deficient in vitamins, 
minerals and micronutrients (Battersby, 2011). Access to protein is generally restricted to plant 
based proteins. The households in the Cape Flats consume very little fish, where only 12% of 
Phillippi households and 16% of Kayelitsha households consume fish, mostly in the form of 
canned fish (Battersby, 2011).  
According to Frayne et al. ( 2009), elements of an integrated food security strategy in a modern 
democratic city would consists of a food sector that is based on: 
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 A reduction of fossil fuel inputs; 
 Maintaining and developing terrestrial and marine resources; 
 Positive urbanisation; 
 Improved livelihoods; 
 Robust local food systems; 
 Investment and development of local markets; and 
 Mitigation of climate change. 
5.5.4 Climate Change and Environmental Challenges 
 
The fact that our climate is changing is backed by overwhelming evidence. Climate change has 
also been physically observed through the high frequency and severity of storms, temperature 
extremes and alternating precipitation patterns (Ziervogel & Frayne, 2011).  
 
The effect of climate change on urban food security can be viewed according to the following 
categories direct and indirect:  
a) Direct: Severe storms and temperature extremes and changes in rainfall patterns which 
impacts farmers and make it difficult for them to have successful crops.  
b) Indirect: When climate change leads to irregular water supply that might lead to flooding or 
water scarcity.  
Food production needs to cut down on its ecological footprint, currently one of the highest of all 
industries (Smith et al., 2007; Khan et al., 2009). The global rise in water scarcity is partially a 
consequence of an increased food demand from an growing population (Molden et al., 2007). 
The current food system in South Africa (and elsewhere produces food on farms that are located 
far from where the food is consumed. This results in long transportation lines with energy and 
other associated processes required, to keep food fresh. Farmers themselves are challenged by 
rising energy costs with those dependent on high energy-related inputs being most heavily 
impacted by volatile energy prices (Wakeford, 2006).  
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5.5.5 Human Capital 
Farming with the new technologies that are available requires some basic training. With 
aquaculture it is important to be familiar with sound management practices and have some 
background of the biology, nutrition and of fish. Skills training without consideration of the 
farmers‘ socio-economic conditions will make it hard for the farmers to implement technical 
skills required in projects  (El-Sayed, 2006). Many subsidized and government sponsored food 
producing projects have failed to operate sustainably due to several complex reason one of the 
main reasons are due to a lack of capacity and planning,  (Stoltz, 2010; Yeld, 2013; George, 
2014). For this reason research and development, and capacity-building in the field of 
recirculating aquaculture is seen as critical to improve understanding of it and avoid challenges 
that restrict the sectors‘ development.  
Because aquaculture requires a high level scientific approach and management expertise 
(Stafford, 2013) it calls for research and capacity building to support sustainable development of 
the aquaculture in South Africa. 
5.5.7 The Proposed Solution 
 
It has been proposed by the University of Stellenbosch that integrating aquaculture with growing 
plants would provide a compact and efficient model for the needs of the Ntinga group. The 
model proposed is an integrated farming model which will be based primarily on recirculating 
indoor aquaculture and leafy crops. A secondary production stream will involve outdoor staple 
crop gardening.  
 
The practice of integrating aquaculture with growing plants is called aquaponics. Aquaponics is 
a symbiotic agricultural practice that combines the practice of aquaculture and hydroponics in a 
recirculating system. The fish and food waste is used to supply the plants as a natural fertilizer, 
when plants absorb the nutrients it also acts as a filter by purifying the water removing it of 
nutrients to be used again by the fish as demonstrated in figure 5.4 (Rakocy, et al., 2006) 
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Figure 5.4: Illustration of an Aquaponic Recirculating System (Rakocy, et al., 2006) 
 
Aquaponics is the chosen technology proposed because of the following factors: 
 Addressing food security is essential; access to food is not only a constitutional right but 
also forms part of the City of Cape Town‘s developmental aims of access to adequate, 
nutritious, hygienic and culturally appropriate food.  
 The integrated aquaculture model supplies a variety of nutrients which are essential for 
healthy development and well-being, namely; high quality protein, carbohydrates, fats, 
minerals and vitamins.  
 The integrated aquaculture model is highly resource efficient through the process of 
water recirculation and the breaking down of fish waste into soluble nutrient fertilizer 
required by plants.  
 The only solid waste that is produced is composed as a high value nutrient source for 
greenhouse tunnel gardening. 
 Using the advantage of being an urban food producer and supplying food locally, close to 
consumers the distance travelled to deliver food will be reduced.  
 The farming model will create direct jobs through the construction and development 
process, income and food security for the NMPC owners and employees (hired) who will 
have positive spin-offs for their families and surrounding community.  
 The integrated aquaculture model will produce high volumes of food but will require 
limited surface area. Production will be resistant to adverse weather and water restrictions 
because the technology recirculates water and is contained in protective greenhouses.  
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 Large variations in seasonal temperature are one of the main challenges to aquaculture. 
This challenge can make it difficult to achieve sustainable results because fish like the 
Tilapia generally require warm water throughout the year.  
 
The University of Stellenbosch will assist with the training of the Ntinga group (owners) through 
a series of workshops to help them understand the fundamental principles of aquaculture and 
greenhouse management.  
 
The City of Cape Town promulgated the Food Gardens Policy in Support of Poverty Alleviation 
and Reduction in December 2013. This policy commits the City to addressing poverty and 
improving the livelihoods of the poor, marginalised and vulnerable communities of the City of 
Cape Town. The City aims to coordinate efforts and to work with different spheres of 
government to develop sustainable livelihood programmes and projects. Projects identified are 
urban food garden initiatives that are sustainable which may aid in the food insecure in low 
income communities (City of Cape Town, 2013b). 
5.6 Capital Expenses 
Summary of each Phase‘s capital expenditure needs below: 
 
 
 Phase Required 
CAPEX 
Required 
 Phase 0 - 2014 (Planning)  
 Phase 1 – 2015 R 450 000 
 Phase 2 – (B – 2016) R 950 000 
 Phase 3 – (C – 2017) R 1 125 000 
 Phase 4 – (D – 2018) R 925 000 
 TOTAL CAPEX R 3 450 000 
Table 5.1: CAPEX required for NMPC 
 
A more detailed financial plan is attached in Appendix B. 
 
Phase 0 will require no funding as this is a planning phase. 
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Phase 1 – 2015 
The capital amount indicated in the table 5.1 above basically includes the following elements: 
1. Fencing and Deforestation 
2. Site Offices with parking area 
3. Delivery vehicle x 1 
4. Standard greenhouse tunnels x 4 
 
Figure 5.5: Outlay of Phase 2 development in 2016. 
 
Although only 4 greenhouse tunnels have been included in the estimates, the layout design made 
use of all available space – allowing for a total of 12 tunnels to be erected on the available space.  
 
Phase 2: (B – 2016) 
The capital expenditure indicated for table 5.1 above, makes provision for: 
1. One Additional borehole 
2. Crop greenhouse tunnels x 5 (30m long) with aquaponic grow beds 
3. Construction of Aquaculture greenhouse system.  
4. All other equipment, labour and tools required 
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Figure 5.6: Outlay of Phase 3 development in 2017. 
 
Phase 3: (C – 2017) 
This phase is a duplication of the previous phase, basically multiplying the production and 
facilities. The only differences involved are: 
 No additional borehole needs to be drilled again 
 A small refrigerated delivery truck in included in this phase. Deliveries during this phase 
and further become too large for a light delivery vehicle to handle. 
 
Figure 5.7: Outlay of Phase 3 development in 2017. 
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PHASE 4: (D-2018) 
Capital expenditure estimations indicated that this would be the most affordable phase as the 
phases A,B,C are duplicated, mainly because of the following facts: 
 This is once again just a duplication of the previous phase 
 No additional boreholes are foreseen 
 No additional vehicle purchases are foreseen 
 
Figure 5.8: Outlay of Phase 3-(D) development in 2018. 
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Strengths 
 Highly resource efficient food 
production. 
 Self-cleaning and recirculation of water 
 Can produce fish and plants together 
 Recirculating technology allows for 
systems to be placed anywhere, 
independent from high water use.  
Weaknesses 
 System design requires professional help 
or extensive self-research. 
 Managing aquaculture and hydroponics 
can be technical and difficult 
 Aquaponic systems require constant 
hands on management. 
 Aquaculture markets underdeveloped in 
South Africa. 
Opportunities 
 Diversity of produce 
 Double stream of income (fish and 
produce) 
 Using faster growing Nile tilapia fish 
 Controlled environment farming is more 
resilient to external factors. 
 Largely undeveloped aquaculture 
industry 
 Supporting policies by government do 
develop aquaculture. 
 Aquaponics complying with the new 
NEMBA act which regulate biodiversity 
control. 
Threats 
 A high risk venture 
 Climate 
 High energy use in winter 
 High capital & operation costs 
 Market of warm water commercial fish 
like Tilapia in South Africa not yet 
established. 
 
Table 5.2: SWOT analysis of Aquaponic systems in South Africa. 
5.7 Growth and market structure 
In order to maintain a viable business and to achieve targets to improve food security and 
community upliftment the NMPC will produce fish and fresh produce for local supermarkets, 
small food markets and street vendors that will ensure that food reaches the wider community.  
 
Secondary fresh produce which will be grown outside the greenhouses will also be sold through 
the same channels as mentioned above.  
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The funding for this project can be regarded as a grant or investment. By which a grant will 
require no return to the financiers and an investment would require a return on investment. The 
financial model will be attached in the Appendix B. 
 
The growth and marketing structure will be done systematically and as production volumes 
increase over time higher and more sophisticated markets will be approached. A new born baby 
first needs to crawl before it can learn to walk and run. This concept of growth and expansion 
will also be followed in the marketing strategy. With the first tunnel in phase one the co-
operative will produce products to support their own households and market the balance to the 
local community and the Phillippi Fresh Produce Market. In phase 2 the co-operative will supply 
products regionally and in phase 3 to the wider City of Cape Town if possible and needed.  
The Operation and Maintenance (O&M) information is attached in the Appendix B. 
5.8 Approach and Methodology 
 
The size of operations is determined according to the total biomass (total weight) fish produced 
per month, which is the determining factor for the amount of vegetable crops that can be 
produced. The literature and industry uses lettuce as the benchmark crop when determining the 
design perimeters of a new operation (Kempen, 2014). Lettuce in general is a lower value crop, 
and considering other suitable vegetables to be used in conjunction with lettuce should provide 
for significant financial gains. The current model is based on producing lettuce crops and Nile 
Tilapia fish. This is however standards of development, the NMPC may produce crops which 
have higher nutrient values such as spinach and watercress. Note that lettuce will be fully grown 
after 1 month (4 weeks) after planting them, thus it will be in production within the first month. 
 
During the early planning stages of the project, Mr. Henk Stander of the Aquaculture Division of 
Stellenbosch University advised that the project should be sized at around 600 Kg product 
Tilapia fish per month. The basic approach used in determining a feasible size of operation 
began with a small scale design whereby it was attempted to minimise the initial capital 
expenditure. Initial studies were conducted on a production of 100kg Tilapia fish per month, but 
soon proved to be uneconomical, even after 5 years of operation. 
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A production of 400kg Tilapia per month seems to be the minimum efficient scale of operations 
in order to turn cash-flow positive, when operating on full production capacity. However the risk 
in using the 400kg production model is that even the smallest negative offset in operational 
expenses could turn the project in a negative cash flow situation.  
 
It is therefore recommended that the financial model be based on a production of at least a 600kg 
Tilapia per month in order to provide for a lower risk project proposal.  
 
 
 
Unit of 
measure 
100 Kg per 
Month 
400 Kg per 
Month 
600 Kg per 
Month 
Production Figures 
Fish sales Kg/Month 100 400 600 
 #/Month 125 500 750 
Crops sales (lettuce) Kg/Month 800 3 200 4 800 
 #/Month 4 000 16 000 24 000 
Estimated Operational Expenditure (Excluding loan repayment, interest and tax) 
Operational Expenses - Fish R/Month R 3 500 R 10 500 R 15 000 
Operational Expenses - Crops R/Month R 1 500 R 5 000 R 7 000 
Operational Expenses - Overheads R/Month R 21 000 R 23 000 R 24 000 
Operational Expenses - Combined R/Month R 26 000 R 38 500 R 46 000 
Estimated Revenue (Excluding loan repayment, interest and tax) 
Revenue – Fish R/Month R 3 500 R 14 000 R 21 000 
Revenue – Crops R/Month R 6 400 R 25 500 R 38 000 
Revenue – Combined R/Month R 10 000 R 39 500 R 59 000 
Net Profit Estimation 
Net Profit – Combined R/Month - R 16 000 R 1 000 R 13 000 
Table 5.3: Comparison of the three production models. 
 
The current model is based on buying fingerlings starting with mature fish which also justifies 
why fish could be sold after 3 months. It will take too long and unprofitable for fish to grow out 
and get in production after 10 months.  Initial estimates used in the Ntinga 600kg model were 
based on assumptions that all fish will be purchased from fingerling size. The main concern with 
the initial model is that fish sales will then only come into play in the revenue stream at Month 
11, after which the fingerlings have been grown to marketable size.  
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Chapter 6 - Conclusion 
Despommier‘s statement on page xiv marks the point of departure for the arguments in this 
thesis in which we are to rethink and approach our food production alternatively with a realistic 
view of the rising challenges we face.  
 
With the rapidly urbanizing population there will be an increased pressure on cities to feed its 
populations and maintain a nutritious healthy wellbeing. To feed the rising population whilst 
making room for development will put pressure on space and quality of arable land resources. 
Methods need to be explored to deal with the challenges the changing climate and demand put 
on our freshwater reserves which are currently being mainly used for agricultural irrigation. 
 
Having enough to eat is not enough for humans to maintain a healthy wellbeing, having access to 
available nutritious food such as fish is seen as a first step to a sustainable way of maintaining a 
healthy lifestyle. South Africa‘s aquaculture is heavily undeveloped, its development holds the 
potential to contribute to create jobs, support the economy and to support food security.  
 
The NMPC project proposal was compiled with an approach to support food security in Philippi 
an area of widespread urban malnutrition and poverty. The study explored the feasibility of using 
freshwater aquaculture as method to produce high quality food.  
 
Governing institutions supports aquaculture development in which they aim to fill the national 
backlog of aquaculture development and to create jobs, and support food security. 
 
Aquaponics was identified as an effective approach to use the newly introduced Nile tilapia fish 
species; it is recommended to use aquaponic technology by which it complies with biosecurity 
and environmental regulations and several challenges that face aquaculture development. It was 
also identified that aquaponics is a highly efficient food production method which produces a 
diversity of nutritious fish and produce with very little water inputs, required no arable land and 
had a minimal environmental footprint as its waste is recycled. 
 
It was identified that agricultural projects often fail due to a lack of planning, training and 
knowledge. In regards to aquaponics which requires scientific high level management skills it 
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calls for training and skills development. A technical study was conducted to compile the 
fundamental production and management principles of aquaculture and hydroponic technologies 
which is required to approach aquaponics.  
 
A practical empirical case study was carried out to identify design flaws, component analyses 
and the daily management procedures and challenges of aquaponic systems.  
 
A techno-financial model was constructed that made up the project proposal for this study. The 
project proposal was laid out in four phases over the years 2014- 2018. It was found that this 
aquaponics project is viable through grant funding and that it would be cash flow positive within 
6 months and will cover OPEX funding within two years. The project is set to be self-sufficient 
and independent by 2018. 
 
It was found that aquaponics is a highly effective food production technology which be easily 
incorporated with the large scale aquaculture development in South Africa. It poses the potential 
to be located in remote places such as cities in which it can be used as an effective method to 
produce highly nutritious food to combat the spread of food insecurity and malnutrition. 
 
Limiting factors 
The factors that limited this study had been to scientifically determine results over a long period 
of time. This study has been limited to only basic hands on experience and observation. The 
study had been limited to the use of only 60kg of Mozambique Tilapia which limited the study to 
little amounts of plants.  
 
The study has also been limited to conducting no water quality monitoring which is due to a lack 
of monitoring equipment which had to be imported. 
 
The study proved outdoor aquaponics to be limited to only warmer months which call for closed 
environment aquaponic systems that are able to efficiently maintain heated water in the system. 
The study proved that aquaponics should be approached with the climate in mind, most regions 
of South Africa doesn‘t have favourable temperature zones for popular commercial warm water 
or cold water fish species which restricts the development of the technology. Aquaponics will be 
relevant for regions with very stable annual temperature zones such as regions in Kwa-Zulu 
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Natal, Mpumalanga, the Eastern Cape and the Limpopo Province and it will be relevant to 
regions with constant cool temperature zones such as mountainous regions of the Drakensberg 
mountain range and the Cape Fold Mountains. 
 
A great deal surrounds the economic feasibility of aquaponics; this has to be investigated 
through a project proposal and business model. The issues discussed in Chapters 3 and 4 have to 
be incorporated in the approach for an effective project.  
Further study recommendations 
The reasons stated in Chapter 1.3 can be addressed by aquaponic technology. It has been argued 
in this study that exotic fish species can be used in aquaponic systems because it is a closed 
system and pose no risk to biosecurity. Considering South Africa‘s climate and limited seasons 
to farm fish, further research is to be done to explore alternative technology and energy efficient 
methods to produce freshwater aquaculture year round. This also calls for a further study as to 
explore methods to educate the public on aquaculture to generate skills and knowledge.  
Further studies can also be done on identifying the performance, waste management and water 
quality of polyculture in aquaponic systems as to include freshwater bivalves, and bottom feeder 
species. 
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Appendices 
Appendix A : General Information 
 
 
Table 0.1: World Aquaculture Production by Species Group (FAO, 2012b)  
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Table 0.2: World Aquaculture Production by Species Groups (FAO, 2012b) 
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Appendix B : Project proposal 
 
 
Issues Local (Philippi) Regional (Western Cape National (South Africa) 
INPUTS 
Production of locally 
produced fish feed 
+Low cost fish feed 
improved production costs 
- Effect on wild fish stock 
used to produce fishmeal 
+Effect on fisheries 
communities and 
communities involved in 
feed production 
- Effect on wild fish stock 
used to produce fishmeal 
 
Labour +Job opportunities and 
improved livelihoods 
 
+Job opportunities and 
improved livelihoods 
 
 
Infrastructure +New available 
Infrastructure available of 
Experimental Farm 
  
RESOURCE USE 
Water -Use of water for constant 
flushing and cleaning 
+Efficient water use due to 
recirculation of water 
+No waste produced and 
water pollution caused 
+Efficient water use due to 
recirculation of water 
+No competition with other 
freshwater water resources 
+No waste produced and 
water pollution caused 
 
Land use/ Ecosystem +Efficient land space use 
+Water is recirculated in 
closed loop 
+No competition with local 
freshwater resources 
+Fish species pose no threat 
to external ecosystem and 
biodiversity. 
+Fish species pose no threat 
to external ecosystem and 
biodiversity. 
+No competition with 
regional freshwater 
resources 
 
 
Energy - Use of energy to power 
compressors, pumps and 
heat pump. 
- No aquaculture room 
insulation 
+ Insulated pipes and fish 
tanks 
+Pump energy is efficiently 
used by gravity flow design 
+Use of self-draining bell 
  
Stellenbosch University  https://scholar.sun.ac.za
  
155 | P a g e  
 
siphon grow bed drains 
which require no aerators 
 
OUTPUTS 
Biomass + Potential biomass 
production (fish and plants) 
for hunger alleviation and 
food security 
+ Potential biomass 
production (fish and plants) 
for hunger alleviation and 
food security 
+ Potential biomass 
production (fish and plants) 
for hunger alleviation and 
food security 
-Possible competition with 
other common food markets. 
Income + Alleviation of poverty with 
income. 
+Economic growth in direct 
area. 
 
+Economic support to local 
markets and value adding 
chain 
+Alleviation of poverty for 
migrant workers sending back 
financial support to 
homelands. 
Table 0.3: Ecological impact of project 
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Figure 0.1: Site layout of NMPC 
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Figure 0.2: Top view of NMPC site 
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Table 0.4: Ntinga Costing- Feed calculations and ratios 
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Table 0.5: Ntinga Costing- Feed calculations and ratios (Continued)
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Table 0.6: Ntinga Costing-Production and Revenue 
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Table 0.7: Ntinga Costing-Operational Expenditure 
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Table 0.8: Ntinga Costing-Operational Expenditure (Continued) 
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Table 0.9: Ntinga Costing-Capital Expenditure Phase A 2015 
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Table 0.10: Ntinga Costing-Capital Expenditure Phase B 2016 
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Table 0.11: Ntinga Costing-Capital Expenditure Phase C 2017 
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Table 0.12: Ntinga Costing-Capital Expenditure Phase D 2018 
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Appendix C : WAF photos and tables 
 
Figure 0.3: Map of Welgevallen Experimental Farm
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6 1500 L vertical tanks (fish) 3 150 L sumps 
3 1100 L vertical waste separator silos 3 250W -V250F Zilmet Submersible pumps 
3 900 L Flatbed biofilters   
1 De-Gassing tank - 25L 3 
Hailea ACO 009E 112W, 110L/min Air 
Compressor 
2 DWC grow beds 5660 L each 105 m 4mm air tubing 
3 grow beds for mediums 1330 L each 1 30W UV Quartz 
25 150mm air stones 1 30W UV normal tube 
  1 15W UV 
Table 0.13: System dimensions and equipment list of WAF. 
 
 
Photo 0.1: Creating some employment getting the grow beds ready. 
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Photo 0.2: Site view of materials and plastic containers for the aquaculture site. 
 
 
 
Photo 0.3: Cleaning out and repairing the grow beds 
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Photo 0.4: Working through the night lining up the grow beds. 
 
 
 
 
Photo 0.5: The start of building the aquaculture platform. 
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Photo 0.6: First fish tank on the platform. 
 
 
Photo 0.7: Figuring out the plumbing. 
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Photo 0.8: Setting up the roof. 
 
 
Photo 0.9: The plastic lined grow beds and extruded polystyrene floating trays. 
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Photo 0.10: Cutting the 50mm holes in the extruded polystyrene trays. 
 
 
 
Photo 0.11: Installing the sump tanks and testing the pumps. 
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Photo 0.12: Surge drain tank to prevent bell siphon flow from overflowing sump  
 
 
 
 
Photo 0.13: Sealing leaks in the wooden growbed. 
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Photo 0.14: Avoiding fish jumps with cover nets. 
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